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1.0 INTRODUCTION

For the past several years the Baldwin Park
Operable Unit Steering Committee (BPOUSC), the
U.S. EPA Region IX, Three Valleys Municipal
Water District (TVMWD), and the Metropolitan
Water District of Southern California (MWD) have
been planning a combined groundwater remedia-
tion and water supply project in the San Gabriel
Basin. Project planning was initiated in response
to a requirement of U.S. EPA Region IX to
remediate a plume of volatile organic compounds
(VOCs) in groundwater distributed from locations
north of Interstate 210 in the City of Azusa
southwest to locations in the vicinity of

Interstate 10 in the City of Baldwin Park. This area
is called the Baldwin Park Operable Unit (BPOU).

To achieve multiple objectives, the current project
combines groundwater remediation, water supply,
and conjunctive use. This project is designed to
extract groundwater contaminated with VOCs in
two areas, treat the extracted water and deliver the
treated water to water supply systems. Pumping
would need to occur throughout most of the year.
As the BPOUSC has no water rights in the basin;
the volume of water extracted would need to be
recharged. Recharge of replacement water could
occur when seasonally available water could be
purchased. Extraction would occur at a consistent
rate throughout the year, but recharge could occur
during a portion of the year, or could be postponed
from one year to the next depending upon water
levels in the basin or the availability of water for
recharge. Therefore, the project has a conjunctive
use component and as such, affords drought
protection for those receiving the treated water.

The BPOUSC was in the process of negotiating
agreements with the U.S. EPA, MWD, and
TVMWD when in June 1997 concentrations of
perchlorate ion above the State of California
Department of Health Services (DHS) provisional
action level of 18 ug/L. were found in groundwater
within the BPOU and other portions of the San
Gabriel Basin. Additionally, perchlorate has
recently been detected in groundwater at other
facilities in California.

Before the project can move forward, the potential
impact that perchlorate has on the conceptual
project design must be evaluated. The presence of
perchlorate in BPOU groundwater is particularly
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troublesome for several reasons. First, there is
insufficient information known about the long-
term effects of low concentrations of perchlorate
on human health. Therefore, based on evaluations
by U.S. EPA and DHS, a very conservative
“provisional” action level with a 300-fold margin
of safety has been established. As appropriate
toxicological studies are completed, this action
level could change significantly.

Second, there is no treatment technology that has’
been demonstrated to be effective in reducing
concentrations of perchlorate ion in water to

“acceptable levels. Pilot-scale testing has been

successfully performed at another site. However,

‘the pilot test at this other site was conducted at a

flow rate equivalent to 0.1% of that needed in the
BPOU, the influent perchlorate concentration was
over 100 times that expected in the BPOU, and the
pilot system was not designed to achieve nor did it
achieve effluent perchlorate concentrations less
than the 18 pg/L provisional action level.

Third, the U.S. EPA Record of Decision (ROD) for
the BPOU was issued in 1994, long before the
discovery of perchlorate in BPOU groundwater and
the establishment of the 18 pg/L provisional action
level by DHS. Consequently, the current remedy
proposed for the BPOU, specifically the
groundwater extraction and treatment system,
does not address perchlorate as a chemical of
concern. In addition, the ROD does not address
delivery or recharge of treated water with
concentrations of perchlorate above the DHS
provisional action level.

The purpose of this paper is to summarize the
current understanding regarding the distribution of
perchlorate in the BPOU, estimate concentrations
that would be present in the effluent from the
currently conceived Central Treatment Plant,
review available information on the characteristics
and treatability of perchlorate, and make
recommendations regarding the need for
treatability testing.

To resolve the issue of how the presence of
perchlorate affects the BPOU project, several
critical activities must be completed. These
include:

L3
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Introduction

* better definition of the distribution of
perchlorate in BPOU groundwater

* evaluation of the current extraction plan -
considering the distribution of perchlorate

* Dbetter estimation of flow-weighted
concentrations of perchlorate that would be
expected in extracted groundwater

* refined evaluation of available information on
the treatability of perchlorate in water

* performance of treatability testing to ensure
BPOU groundwater can be treated to perform- o : -
ance standards and to develop design criteria -
for a full-scale plant.

These activities must be undertaken before
negotiations with project stakeholders (TVMWD,
DHS, MWD, and others) can be completed.

€«
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2.0 THE DISTRIBUTION OF PERCHLORATE IN BPOU GROUNDWATER

Perchlorate was first detected in San Gabriel Basin
groundwater in late May 1997 by the California
Department of Health Services (DHS). This
prompted the Main San Gabriel Basin Watermaster
(MSGBWM} and the BPOUSC to perform addi-
tional groundwater sampling and analysis to better
understand the distribution of perchlorate in
groundwater.

To date, the BPOUSC has compiled perchlorate
data from over 50 monitoring wells, production
wells, and sampling points in the vicinity of the
BPOU. Perchlorate analysis for production wells
was performed on samples obtained by the DHS
and MSGBWM and provided by the San Gabriel
Basin Water Quality Authority (SGBWQA).
Groundwater samples from monitoring wells in the
BPOU were collected by Camp Dresser McKee
(CDM), Harding Lawson Associates, and Geosyntec
on behalf of the BPOUSC. All available data on
perchlorate concentrations in groundwater in the
San Gabriel Basin are provided in Aftachments 1
and 2.

Based on these initial data, the approximate lateral
distribution of perchlorate in groundwater at
concentrations greater than the DHS provisional
action level of 18 pg/L is illustrated on Figure 2-1.
This approximate perchlorate distribution is based
on maximum concentrations detected in any
sample or at any depth within a given well.
Maximum concentrations are posted next to each
well location on Figure 2-1. Similarly, the
approximate vertical disiribution of perchlorate in
groundwater is illustrated on the cross section
shown on Figure 2-2. This cross section is
oriented along the generalized direction of
groundwater flow within the BPOU as shown on
Figure 2-1.

Water quality results from both pre-design
multiport wells and water supply production wells
are plotted together on Figures 2-1 and 2-2.
Production wells draw water from large screened’
intervals (greater than 100 feet}, and therefore,
represent an integrated water sample from a
significant portion of the aquifer. Multiport wells
have small screen intervals and therefore,
represent water quality from a discrete depth
interval. These data are therefore not directly
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comparable though comparison of these data was
necessary for this presentation.

It should be noted that for the majority of these
wells, only a single sample has been collected and
results of quality control sampling have not been
fully processed. Further, the extent of perchlorate
both upgradient and downgradient of the BPOU
has not been fully defined, and areas beyond the
immediate boundaries of VOCs detected in the
BPOU have not been sampled. Therefore, the
known distribution may change as wells are
resampled or new wells are sampled.

lﬁ“
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3.0 UNCERTAINTIES

In February 1997 perchlorate was discovered in
five drinking water supply wells in Sacramento,
California. This discovery was a result of the
improvement in the method of perchlorate analysis
which has only recently allowed detection of
perchlorate in water at concentrations below the
level which EPA and DHS considers acceptable for
use by the public (18 ug/L). Because modifications
to the laboratory method are recent, only one
laboratory has received DHS approval to perform
perchlorate analyses.

In addition, there is limited information on the
long-term effects of low concentrations of
perchlorate on human health and, therefore, only a
“provisional” action level is available. Although
additional studies on the toxicity of perchlorate are
underway, results of these studies will not be
available for approximately one year. As stated in
Section 2.0, our understanding of the distribution
of perchlorate in groundwater in the San Gabriel
Basin is based on a single round of sampling a
combination of water supply and monitoring wells.

In summary, there is a high level of uncertainty
associated with our current understanding of the
distribution of perchlorate in BPOU groundwater
and whether these concentrations would pose any
concerns to the public should extracted water from
the BPOU be introduced into a public water

supply.
3.1 Toxicity/Provisional Action Level

One of the sources of uncertainty associated with
the potential effect that concentrations of
perchlorate ion in groundwater may have on the
selection of a remedy for the BPOU is the limited
data available on the toxicity of perchlorate (at low
concentrations) to humans. Because limited
animal studies have been performed and no
studies documenting human effects at low
concentrations are available, the provisional
Reference Dose (RfD) and provisional action level
established by DHS includes a conservative safety
factor and therefore may be subject to significant
change when more toxicological data are available
and other studies have been conducted.

The primary human health concern related to
perchlorate is that it interferes with the thyroid
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gland’s ability to utilize iodine to produce thyroid
hormones. Perchlorate in high doses (mg/kg per
day levels) has been used as a medicine to treat
Grave's disease, a condition in which excessive
amounts of thyroid hormone are produced. These
dosage levels are much higher than would be
expected from the ingestion of relatively low
concentrations of perchlorate in groundwater in
the San Gabriel Basin. In addition, perchlorate is
used in Europe to counteract the side effects of the
heart drug, amiodarone. As expected, although
the health effects of high dosages of perchlorate
are documented, no studies have examined the
health effects at dosages potentially received from
the ingestion of groundwater at concentrations
present in the San Gabriel Basin groundwater. A
literature search performed by the Sutter/CHS
Health Resource Center Library on the health
effects of perchlorate use in the treatment of
Graves Disease and to counteract the side effects of
amiodarone is provided in Attachment 3.

In December of 1992, the U.S. EPA National
Center for Environmental Assessment (NCEA)
responded tc a request by U.S. EPA Region IX to
evaluate the toxicity of perchlorate in soil and
groundwater. Based on limited data on the
toxicity of this jon, NCEA recommended a
provisional RID for scil and groundwater that
included a conservative safety factor and
correlated with acceptable levels of 70 mg/L and
3.5 pg/L, for these media, respectively. NCEA later
stated in a letter dated February 25, 1997, that
these provisional RfDs were merely opinions
provided to EPA regional officials and were not to
be considered formal EPA policy.

- In April of 1993, a Perchlorate Study Group (PSG)

was formed by the U.S. Air Force, various
aerospace companies, and the two primary
manufacturers of perchlorate compounds. The
mission of the PSG was to review and evaluate
information on the toxicity of perchlorate and
develop better information on what constitutes an
acceptable level of perchlorate in soil and
groundwater. ) '

In June 1995, the PSG submitted a position paper
to the U.S. EPA presenting the groups’ findings. -
The U.S. EPA again reviewed available
toxicological data on perchlorate and concluded

*
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Uncertainties

that although information was available on the
short-term effects of high concentrations of
perchlorate on the thyroid, there was not enough
information on the effects of long-term exposure.
In October 1995, the U.S. EPA responded to the
PSG paper by recommending a provisional
reference dose correlating to an acceptable level in
groundwater that ranged between 3.5 and

17.5 ug/L. Because there was limited information
available, the U.S. EPA recommendation includes
a large margin of safety. In fact a 300-fold margin
of safety above the level at which no health effects
were observed was used to establish the 17.5 ug/L
provisional standard. This value became the

18 pg/L value currently used as the DHS
provisional action level. Once there is sufficient
information available, a permanent standard is
expected to be established.

In March 1997, the PSG assembled a technical
Peer Review Panel of nationally recognized
scientists to evaluate the health effect of
perchlorate in drinking water. The conclusion of
this panel was that there are insufficient
toxicological data available to establish a
technically defensible RfD or support the U.S. EPA
provisional RID.

In May 1997, the Air Force brought the Peer
Review Panel back together with California state
and federal regulators in Cincinnati, Ohio. The
purpose was to have the panel develop a protocol
and the scope of studies that would lead to a
recommendation to U.S. EPA for a new RfD which
could serve as the basis for a groundwater MCL.
The PSG has undertaken to commence the
necessary studies in August 1997, interpret the
data, peer-review the results, and submit
recommendations to U.S. EPA by july 1998.

Attachment 4 contains information compiled by
the PSG relative to a RfD for perchlorate. It should
be noted that to date the U.S. EPA has not
endorsed the Peer Review Panel but did have
representatives participate on the panel. Further,
U.S. EPA has not endorsed the evaluation process
or committed to a schedule for review of the
resultant recommendations or its effect on the

U.S. EPA’s former provisional RfD. As a result it is
uncertain how long it will take for the provisional
RfD to be revised and an MCL established.

In February 1997 the DHS set a provisional action

level for perchlorate in groundwater at 4 ug/L, but
at that time laboratory methods were not designed
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or approved to measure concentrations this low.
In May of 1997 DHS, based on the results of

U.S. EPA’s recommendations, revised its provi-
sional action level from 4 pg/L to 18 pg/L stating
that it had reevaluated scientific studies in greater
detail and had determined that 18 ug/L is
consistent with the range of perchlorate exposures
the U.S. EPA considers protective of human
health. DHS requires that water suppliers promptly
notify customers whenever perchlorate is present
in concentrations greater than 18 pg/L. '

3.2 - Analytical Methodology and
Detection Limits

At the time that the U.S. EPA set its provisional
RfD and the DHS set its provisional action level for
perchlorate in groundwater, no EPA laboratory
method existed and few laboratories were set up fo
analyze for perchlorate. Some laboratories were
using a modification of EPA Method 300 (Ion
Chromatography), while others were using an Ion
Selective Electrode (ISE). Detection limits for
analysis of perchlorate in water were generally in
the range of 400 to 1,000 pg/l.

It was not until April 1997, that the DHS attained
the current reporting limit of 4 ug/L after having
performed its own method development
{Sanitation and Radiation Laboratories Branch).

To date, this method has not be peer reviewed.
Because perchlorate is not a regulated substance
DHS does not issue laboratory certification for
method analysis. DHS will however issue informal
approval to perform perchlorate analysis once a
laboratory meets DHS requirements.

To receive DHS approval the laboratory must hold
a current certification for EPA Method 300,
develop a Standard Operating Procedure (SOP),
determine its Method Detection Limit (MDL), and
prepare a data package demonstrating its ability to
perform the analysis. The laboratory must then
contact the DHS who will send out a field auditor.
The laboratory must perform analysis on the
samples with acceptable results (+10%) in the

- presence of the auditor. In June 1997, WECK

Laboratories, City of Industry, California, became
the first laboratory to receive DHS approval.
Although other laboratories perform perchlorate
analyses none has yet received DHS approval.

Because developments in analytical chemistry
have only recently allowed laboratories to achieve

“
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Uncertainties

a MDL below the DHS provisional action level,
there is a high level of uncertainty associated with
analytical results. This uncertainty is com-
pounded by the fact that most laboratories -
performing perchlorate analyses have modified
EPA Method 300 in different ways. Table 3-1
documents the difference in analytical methodol-
ogy between three commercial laboratories
{California Laboratory Services, APPL, and WECK),
Aerojet General Corporation’s (Aerojet) in-house
laboratory, and the DHS Sanitation and Radiation
Branch Laboratory in Berkeley, California. It
should be noted that other industrial and
commercial laboratories also perform perchlorate
analyses. Although all five laboratories surveyed
use a modified EPA Method 300, there are
substantial differences in sample storage, holding
time, calibration, effluent solution, injected sample
size, and column types.

Until the method has been more widely approved,
a higher than normal level of quality control
precautions should be taken. In conformance with
this recommendation, the recent round of
sampling performed by the BPOUSC included
analysis of split samples for 20 percent of the wells
sampled. These splits were analyzed at one
primary laboratory (WECK), and two secondary
laboratories (APPL and California Laboratory
Services). Although results for split samples sent
to California Laboratory Services are encouraging
in that they generally provide a reasonable range
of confirmation, all quality control data have not
yet been received or processed.

J7198.DOC
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Table 3-1. Summary of Perchlorate Analytical Methods

Method
Turn- Detection
around Holding | Sample Reporting| Limit Calibration Initial Approximate
Laboratory Cost | Time | Matrix tested on Bottle Preservation|{ Time | Size |Type of Method] Limit (MDL) Range Calibration | Retention Time
Drinking, Ton
State of California Dept. of Health Services | $100.00 |10 days Groundwater  |plastic or glass |Store 4° C 28 days | 125 ml | Chromatography| 4 pg/L. | 0.7 ug/L | 2.5t0 500 ug/L. | 3 point curve 7.4 minutes
Sanitation and Remediation Laboratory
Berkeley, CA
WECK Laboratories Drinking, fon
City of Industry, CA $90.00 17 days Groundwater | plastic Store 4°C 28 days | 100 m! { Chromatography| 4pg/L | L6pug/L | 5to 100 pg/L. | 5 point curve 9 minutes
Drinking,
California Laboratory Services Groundwater, Ton
Rancho Cordova, CA $100.00 110 days | Soil (1/1 slurry) [plastic or glass {none 14 days | 250 ml | Chromatography] 5 g/l 2 pg/L 5to 500 pg/L | 7 point curve 10 minutes
APPL Laboratories Drinking, Ion
Fresno, CA $80.00 |10 days Groundwater  |plastic or glass fnone 14 days | 250 m! | Chromatography| 6 ng/L 4 ug/l 5to 500 ng/l. | 4 point curve 9 minutes
Aerojc{%tneml Corporation Ion
Rancho Cordova, CA - - Groundwater  [plastic Store 4°C 28 days | 125 ml { Chromatography| 400 pg/L | 35ug/L | 510100 pg/L. | 5 point curve |6.5 to 7.5 minutes;

17199 XLS
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Table 3-1. Summary of Perchlorate Analytical Methods

Equipment{ Injector Guard | Separator | Anion
Laboratory Method QA/QC Stock Standard Eluent Solution Brand loop Column | Column | Supressor
Similar to SW-846 methods or {1000 mg/L KCIO, 120 mM 50% (w/w) NaOH, 2.0 mM p-cyanophenol Dionex Dionex Dionex
State of California Dept. of Health Services Method 300 (>99% pure KCIO;) (NaOH solution fresh with min. of CO,) Dionex 740 pL.  jlonPac AG5| lonPac AS5] AMMS-II
Sanitation and Remediation Laboratory
Berkeley, CA
WECK Laboratories Similar to Method 300.0 Dionex Dionex Dionex
City of Industry, CA (LCS, MS/MSD, PE) reagent grade NaClOy  [Sodium hydroxide with modifier Dionex 1ml IonPac AGS{ lonPac AS5| AMMS-II
Primary and
Califoria Laboratory Services Similar to Method 300.0  |independent source Not Less than Not Not Not
Rancho Cordova, CA (LCS, MS/MSD) KClo, Not Provided' Provided' DHS Provided' | Provided' | Provided'
Similar to Method 3000 [KCIQ,,
APPL Laboratories (L.CS, MS/MSD, Continuing |NaClO, (Independent | Similar to DHS method » They have made minor Not Similarto | Similarto | Similarto | Similar to
Fresno, CA Calibration Std) confirmation standard) Jchanges to the strengths ol solutions Provided' DHS! DHS' DHS' DHS!
A%rojet General Corporation Similar to Method 300.0  |NaClQ,, check with 900 mi 100 mM NaOH; 800 ml methanol, Dionex Dionex Dionex
Rancho Cordova, CA (LCS, MS/MSD) KClO, diluteto 3 L Dionex 100 pL AGl11 AS11 ASRS-1

J7199 X158

1 The laboratory considered the information proprictary and did not provide specific information
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Table 3-1. Summary of Perchlorate Analytical Methods

Laboratory

Detector

Interferences

Miscellaneous Requirements/Other Notes

State of California Dept. of Health Services {Conductivity

Sanitation and Remediation Laboratory

Berkeley, CA

No specific species noted

High concentrations of other
anions may interfere

1) Method tested for sample with conductivity up to 1000 pmhos/cm. Method
has not been tested for conductivities >1000 pmhos/cm

2) Fortification method recommended for unknown samples (appears that this
is just a matrix spike sample. Analyzed to evaluate if the sample matrix will
bias analytical results)

3) p-cyanophenol added to eluent to deactivate the active sites on the resin

'WECK Laboratories
City of Industry, CA

Conductivity

None expected. High
concentrations of other anions
may interfere

Approved by State of California DHS to analyze for perchlorate ion in drinking
water (June 20, 1997)
Would do split to analyze for chlorate

California Laboratory Services

None expected. High
concentrations of other anions

3-4 months experience with method on field samples

Rancho Cordova, CA Conductivity |may interfere
None expected. High

APPL Laboratories ) concentrations of other anions

Fresno, CA Conductivity |may intertere 1-2 months experience with the method
None expected. High

Aerojet General Corporation concentrations of other anions

Rancho Cordova, CA Conductivity |may interfere

Page 3 of 3
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4.0 TREATABILITY REVIEW

Treatability information on perchlorate in water
was obtained primarily from two sources. The
first source consists of recent data collected by the
MSGBWM and the DHS in conjunction with
groundwater sampling in the San Gabriel Basin as
described in Section 2. The second source was
obtained from treatability studies conducted by
Aerojet at their Sacramento facility.

4.1 Existing Treatment System Data

The MSGBWM and the DHS collected samples at
several groundwater treatment systems in San
Gabriel Basin in conjunction with groundwater
sampling from production wells. Perchlorate
concentrations in influent and effluent streams for
these treatment systems are provided in
Attachment 2. As expected, no apparent reduction
in perchlorate concentration was observed at those
treatment systems utilizing air stripping
techniques. However, perchlorate concentrations
at two granular activated carbon {GAC) treatment
units located at the Valley County Water District

Lante and Big Dalton wells suggest that perchiorate

concentrations are reduced as extracted
groundwater passes through GAC contactors.
However, these data are inconclusive as the trends
initially observed were not reproduced in
subsequent sampling events. Nonetheless, some
reduction in perchlorate concentration may be
occurring.

At this time the mechanism causing this apparent
reduction in perchlorate concentration is
unknown. Two possible mechanisms are: 1) the
direct adsorption of perchlorate onto GAC, and

2) biochemical reduction by naturally occurring
microorganisms that are present in carbon vessels.

If decreases in perchlorate concentration are due
to adsorption, fresh carbon would provide the
greatest perchlorate removal. Carbon that has
been in service for some time would provide less
capacity for perchlorate removal and in fact may
eventually desorb perchlorate, resulting in
concentrations that are higher in the effluent than
observed in the influent. -

If the mechanism which is responsible for the

apparent decrease in perchlorate concentrations is
biochemical reduction, GAC units containing fresh

§7199.D0C

carbon would not be expected to remove
perchlorate as efficiently as carbon that had been
in service for some time because populations of
microorganisms would not yet be established.
Treatability studies performed in Sacramento have
demonstrated that GAC is a superior medium for
growth of perchlorate reducing microorganisms.

Dates of carbon changeout will be obtained and
this issue will be reviewed more carefully as part
of recommended treatability studies described in
Section 6.

4.2 Aerojet Tréatability Studies
As a result of the presence of perchlorate in

groundwater at Aerojet’'s Sacramento facility, a
considerable amount of work has been performed

. .to address perchlorate treatability. This work,

consisting of technology screening, laboratory-
scale studies, pilot-scale studies, and the design of
a full-scale (1,500 gpm) system, was performed by
Aerojet and a consultant starting in 1994.

4.2.1 Literature Review

In 1994, Aerojet completed an initial screening of
technologies available for treatment of perchlorate.
An on-line data search was first performed. The
following databases were searched:

¢ Energy SciTech (1974-1994)

¢ Ei Compendex Plus (TM) (1970-1894)

* National Technical Information Service (1964-
1994)

* Aerospace Database (1962-1994)

. Chémical Engineering Abstracts (1970-1994)
* Biotechnology Abstracts (1970-1994)

* PTS Aerospace/Defense Markets (1986-1994)
*  Pollution Abstracts (1970-1994)

* Analytical Abstracts (1980-1994)

L3
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Treatability Review

Only limited information on the treatment of water
for perchlorate was found, and the available data
addressed the treatment of high concentration
wastewaters, not low concentrations in ground-
water. The technologies for which information
was found include both biological and
physical/chemical treatment methods.

Blological Methods

Biochemical reduction of oxygen-containing
compounds, like perchlorate, with the simulta-
neous biochemical oxidation of organic matter
contained in sludge from municipal wastewater
treatment plants was the subject of three patents
(1973-1994). The patents varied in reactor
configuration and the source and type of the
microorganisms used. Concentrations of
perchlorate in wastewater in excess of 7,000 mg/L
were the subject of these patents.

A 1973 patent describes biochemical oxidation of
activated sludge in an unaerated tank. A 1976
patent is a modification of this approach but a
specific microorganism is identified. The source
of the microorganism is settled municipal sewage.
A 1994 patent by the U.S. Air Force uses an
anaerobic reactor and a specific microorganism.
Brewer’s yeast, cottonseed protein, and whey
powder were all added to the reactor.

Physical/Chemical Methods

The physical/chemical processes which were
reviewed included ion exchange, reverse osmosis,
an electrochemical process which reduces '
inorganic oxyhalides, and a process where
perchlorate wastewater was treated with an
oxidant in supercritical (high temperature, high
pressure) water.

The electrochemical method, patented in 1992,
uses an anode/cathode separated by a cation
exchange membrane. A 1993 paper describes
treatment of perchlorate in wastewater with an
oxidant (O,, air, H,0,) under conditions of high
pressure (200 atm) and temperature {370°C).

In addition to these two techniques, Aerojet’s staff
reviewed the applicability of ion exchange and
reverse osmosis treatment technologies. Although
both ion exchange and reverse osmosis are
considered technically proven methods for
reducing concentrations of dissolved solids in
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waters, there are significant technical challenges
presented by both methods for treatment of water
containing perchlorate.

With respect to ion exchange, common ground-
water ions will interfere with perchlorate
adsorption. The ion exchange resin is regenerated
with brine {usually sodium chloride). Perchiorate
concentrations in regeneration brine present a
unique disposal or treatment problem.

There are significant operational difficulties
associated with the use of reverse osmosis. Like
ion exchange, perchlorate is not treated but merely
conveyed to a waste concentrate that would be a
waste disposal challenge. The resultant brine
would contain perchlorate and would be
significant in volume. In addition, pretreatment of
influent, use of anti-fouling chemicals, and
membrane cleaning are time-consuming and
costly.

Based on the literature review described above,
Aerojet decided to pursue laboratory-scale testing
of chemical reduction and biochemical methods.

4.2.2 Laboratory-Scale Testing

Laboratory-scale treatability studies for several
biochemical and chemical reduction treatment
methods were performed by an Aerojet consultant
in 1995. The tested water came from Aerojet’s
Sacramento facility and contained between 7,000
and 8,000 pg/L perchlorate.

Chemical reduction methods evaluated included
the addition of relatively high dosages of several
reducing agents (sodium sulfite, sodium bisulfite,
and sodium thiosulfate) up to 1,000 mg/L to water
containing 7,000 pg/L perchlorate. Perchlorate
concentrations did not significantly decrease over
time. The method was concluded to be
ineffective, and not taken to pilot-scale.

In addition to chemical reduction, Aerojet staff
evaluated the use of ion exchange technology in
more detail. Time was devoted to resin selection
and treatment of regeneration wastes. Efforts were
alsc made to develop a method for biodegradation
of perchlorate in these wastes. Aerojet is presently
evaluating the viability of ion exchange technology
for perchlorate removal, specifically for use at
wells where concentrations are 100 ug/L or less.

L3
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Two biochemical reduction methods were tested:
a fixed film bioreactor using submerged plastic
media, and a granular activated carbon/fluidized
bed (GAC/FB). For both processes the water to be
treated was amended with an organic carbon
source (acetate or ethanol) and nutrients (nitrogen
and phosphorus) before entering the bioreactor.

Both biochemical reduction methods were shown
to be effective in reducing perchlorate concentra-
tions. The GAC/FB system was better at respond-
ing favorably to system changes and also accom-
modated a higher (6-fold) perchlorate loading rate.
Effluent from both processes were below a

400 pg/L reporting limit for perchlorate.

Because of the success with the biochemical
treatment methods, and due to the comparatively
better performance of the GAC/FB method, this
method was taken to pilot-scale.

4.2.3 Pliot-Scale Testing

In 1996, a 30 gpm skid-mounted pilot system, was
set up at the Aerojet facility in Sacramento.

The pilot-scale system operated between April and
December of 1996. Operation of this pilot-scale
system allowed optimization of feed rates for the
organic carbon source (ethanol) and nutrients
{nitrogen in the form of ammonium chloride and
phosphorus in the form of dibasic sodium
biphosphate). Ethanol was required in an ethanol
to perchlorate molar ratio of approximately 4:1,
while nitrogen and phosphorus levels ware similar
to those described in the literature to support
microbial activity.

Effluent concentrations ‘were consistently less than
a 400 ug/L reporting limit for perchlorate, 500 ug/L
for phosphorus, 340 ug/L for ammonia-nitrogen,
and less than 50 ug/L for nitrate-nitrogen.

The initial pilot-scale effluent contained very low
or nondetectable levels of E. coli bacteria. After
one month of operation, all E. coli measurements
showed nondetectable levels. Regardless,
disinfection of treatment system effluent was
envisioned for a full-scale system.

4.2.4 Full-Scale Design

Aerojet is in the process of designing a full-scale
perchlorate treatment system for one of the

J7199.00C

groundwater extraction and treatment systems at
their Sacramento facility. The design is expected
to be complete in July 1997, and construction is
currently scheduled to be complete in the summer
of 1998. The system loading rate is 1,500 gpm.
The full-scale system will be similar to that pilot-
tested in 1996.

Aerojet is working with the design contractor to
optimize certain design features and to lower
effluent concentrations. The pilot-scale study was
completed prior to the recent reduction in MDLs
by agency and commercial laboratories and,
therefore, Aerojet and its contractor are hoping to
modify either the design or operating parameters
to produce effluent below the 18 ug/L provisional
action level.

In addition, Aerojet and its contractor have
evaluated alternative sources of microorganisms to
eliminate possible problems with the potential
introduction of pathogens associated with
wastewater treatment plant sludge. Waste sludge
from a baby food processing facility was
determined to contain acceptable microorganisms
thus eliminating the potential for pathogens to be
present in treatment effluent.

Harding Lawson Assoclates 9



5.0 APPLICABILITY OF TREATABILITY STUDIES TO THE BPOU

The extent to which treatability studies performed

at Aerojet’s Sacramento facility can be relied upon

to assist in decision-making on the BPOU project is

dependent upon similarity in the composition of

influent water, effluent goals, and the capacity of
the treatment system.

5.1 Influent Water

Although there is insufficient data at this time to
estimate with reasonable confidence a
concentration that would represent influent to the
Central Treatment Plant, a rough estimate for
planning purposes was considered necessary.
Therefore, based on the distribution of perchlorate
in groundwater described in Section 2.0, the
configuration of extraction wells and flow rates
described in the December 1996 Pre-Remedial
Design Report, and modifications to the extraction
plan discussed with EPA, it has been estimated
that extracted groundwater would contain
approximately 50 to 100 ug/L of perchlorate. This
range of values was estimated by selecting
surrogate wells for each extraction well location,
assigning recently measured concentrations from
each surrogate well to its corresponding extraction
well, and flow-weighting these concentrations
based on expected pumping rates to produce a
flow-weighted average concentration for the BPOU
exiraction system. Because of the uncertainty
associated with this type of estimate, a
concentration range was established.

It should be noted that there are significant
uncertainties associated with the 50 to 100 pug/L
range in concentrations cited above. First and
most important, the current extraction plan does
not take into account the distribution of
perchlorate in groundwater. Should capture of
groundwater containing perchlorate become a -
remedial action objective, then both the locations
and pumping rates of BPOU extraction wells may
need to be modified. Additionally, the method
described above is a rough estimation of
concentrations that will be initially extracted. The
actual concentrations present in the extracted
groundwater will only be know once extraction
wells are constructed and pumped at their
designed flow rates.

J7198.DOC

The primary difference between the composition
of influent water quality in Sacramento and the
BPOU is the concentration of perchlorate.
Concentrations of perchlorate in Sacramento range
from 7,000 to 10,000 ug/l. with individual onsite
wells having concentrations as high as

100,000 ug/L. The expected flow-weighted average
from the BPOU extraction system as currently
configured is estimated to be approximately 50 to

100 ug/L.

These variances may cause a difference in system
performance. A potential concern exists that at a
lower influent concentration, microorganisms that
reduce perchlorate will not flourish in sufficient
numbers. As the microorganisms rely on ethanol
as their primary food source and perchlorate as a
secondary food source, this should be evaluated,
but may not be of concern. '

5.2 System Capacity
The largest pilot-scale study performed to date was

operated for approximately 8 months at 25 gpm.
This is not a sufficient flow rate to aliow design of

. a system that will operate at 20,000 gpm. The full-

scale system presently in design at Aerojet’s
Sacramento facility may be of sufficient capacity
(1,500 gpm) to allow scale up to 20,000 gpm, but
this system will not be in operation until the
summer of 1998.

5.3 Effluent Goat

When the pilot-scale study was performed at
Aerojet’s Sacramento facility, the goal was to
produce effluent that was less than the 400 pg/L
laboratory reporting limit available at that time.
When the pilot-scale study was completed, the
effluent generally was characterized by perchlorate
concentrations less than 100 pg/L. At that time is
was not possible to measure to the current
reporting limit of 4 ug/L for perchlorate. Similarly,
it was not possible to optimize system flow rates,
organic carbon sources, of nutrients to see if lower
effluent concentrations were possible. Therefore,
it is uncertain if the full-scale system to be
constructed by Aerojet in Sacramento may reach
treatment goals for the BPOU. Treatability studies
will need to demonstrate that a sufficiently low

&
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perchlorate concentration in treatment plant
effluent is possible.

5.4 " Nitrate Concentrations

Influent groundwater at Aerojet’'s Sacramento
facility is characterized by low (1.5 mg/L) nitrate
concentrations. However, the results of the pilot-
scale study performed in Sacramento do show
effluent nitrate concentrations less than 0.05 mg/L.
This suggests that along with consumption of
ethanol and reduction of perchlorate, reduction of
nitrate is also occurring in the bioreactor.

This observation could have a significant effect on
the BPOU project as influent nitrate concentrations
are expected to be approximately 25 mg/L.
Although this concentration is well below the

45 mg/L MCL, it is substantially higher than
concentrations currently received by customers of
MWD and TVMWD.

Supporting evidence that the same anoxic
conditions which contribute to the reduction of
perchlorate may also reduce nitrate concentrations
may be found in the literature where processes
using bacterial denitrification of wastewater have
been described. Aithough the denitrification
process has generally not been applied to drinking
water, one such system was designed for the town
of Wiggins, Coloradc to denitrify its drinking
water. The process equipment, designed by joann
Silverstein of the University of Colorado, Boulder,
consists of a packed tower biofilm reactor where
denitrifying bacteria are supported on a high-
porosity plastic media. The packed tower is
operated in an up-flow mode. Bacteria were
introduced into the system from creek sediments,
and acetic acid and corn syrup were used as the
organic carbon source. The denitrified water was
then passed through a sand filter to remove
biomass. The system operates at a flow rate of

10 gpm. Influent nitrate-nitrogen concentrations
were initially 7 to 10 mg/L but increased to

25 mg/L. During initial start-up and operation,
system performance was not satisfactory and it
was determined that both nitrogen and phosphorus
were needed as nutrients to optimize nitrate
removal efficiency. Effluent now contains 2 mg/L
nitrate-nitrogen. '

J7199.D0C

Should the GAC/FB system prove to be an effective
method of reducing nitrate concentrations in
treatment plant effluent, it may be possible to
reduce both perchlorate and nitrate
concentrations.

*
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6.0 RECOMMENDATIONS

In order to proceed with the design and
construction of the BPOU project, several key
issues related to perchlorate must first be resolved.
These issues include:

* The need for a more definitive action level for
perchlorate and consideration of this action
level relative to the remedial action objectives
specified in the ROD

* The potential need for modifications to the
current extraction plan and the conceptual
design of the Central Treatment Plant, if
groundwater extraction and treatment of
perchlorate is deemed necessary

* The need for additional treatability studies to
address the feasibility of perchlorate treatment
at high flow rates and low concentrations.

As a result of these issues, the following three
recommendations have been developed:

* The remedial action objectives in the ROD for
the BPOU should be reconsidered to include
an appropriate, scientifically supportable
action level for perchlorate

* Proposed groundwater extraction and
treatment plans should also be reconsidered in
the event that remedial action objectives are
revised to address perchlorate

* Recommended treatability studies on.
perchlorate treatment in water should be
performed as described below.

6.1 Recommended Treatability
Testing

Because there is no proven treatment technology
for perchlorate, the need to add perchlorate
treatment to the Central Treatment Plant is
undetermined until EPA includes perchlorate as a
chemical of concern in the BPOU ROD. Further
the feasibility of perchlorate treatment at the scale
required for the BPOU can not be determined until
treatability studies can be completed. As
laboratory- and pilot-scale testing have been
performed to support design of a full-scale system
at Aerojet’s Sacramento facility, it would be

J7199.DOC

expedient and wise to take advantage of this work
in resolving San Gabriel Basin issues. However, as
discussed earlier, conditions in Sacramento are
different and therefore testing to allow design of a
San Gabriel Basin system is necessary.

There are several key differences that should be
considered in treatability testing to support the
BPOU project. These include:

« a lower perchlorate influent concentration
* alower effluent goal for perchlorate

* higher nitrate influent concentrations

* a higher flow rate.

To collect adequate information on the treatability
of perchlorate to meet the needs of the BPOU
project, it is recommended that a two-step
treatability approach be used. While treatability
testing for the BPOU project is being performed,
input would be received from Aerojet’s full-scale
Sacramento treatment unit and results considered
in the design of the BPOU system.

6.2 Phase 1 - Pilot-Scale
Treatability Testing

It is recommended that the BPOUSC perform pilot-
scale treatability testing in two phases. The
objective of the Phase 1 testing is to ensure that
the GAC/FB system already pilot-tested at Aerojet’s
Sacramento facility can achieve a perchlorate
effluent concentration less than the DHS 18 ug/L
provisional action level or whatever regulatory
level is ultimately set. The scope and goal of this
phase of treatability testing would be established
in a Phase 1 Treatability Testing Work Plan. This
Work Plan would be provided to the U.S. EPA,
DHS, and MWD for approval with copies for
comment to the MSGBWM and SGBWQA.

To perform this phase of the treatability testing,
the pilot-scale unit previously used at Aerojet’s
Sacramento facility would be reassembled and
testing performed at Aerojet’s Sacramento facility.
The system would be put into operation for

60 days treating groundwater containing
perchlorate concentrations similar to that expected

L.
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Recommendations for Treatablility Testing

in San Gabriel Basin (50 to 100 ug/L). In addition,
sodium nitrate should be added to the influent
water to simulate San Gabriel Basin nitrate
concentrations. To simulate San Gabriel Basin
treatment plant conditions, VOCs would be
removed by air stripping prior to flow into the
bioreactor.

Testing procedures would be specified in the
Phase 1 Treatability Testing Work Plan, but in
general would follow procedures used at Aerojet’s
Sacramento facility. Regular monitoring of
dissolved oxygen, total dissolved solids, common
ions, total suspended solids, pH, redox potential,
perchlorate, nitrate, and other parameters would
be performed for both treatment plant influent and
effluent. Recently developed laboratory methods
will be used to assure the analytical reporting limit
is less than the 18 pg/L provisional action level.

Should the Phase 1 pilot-scale testing demonstrate
that effluent goals can be met, the treatability
testing would move to a Phase 2 stage. Following
completion of Phase 1 testing, test results would
be compiled, evaluated, and submitted to EPA,
DHS, and MWD in a brief report with copies also
to the MSGBWM and SGBWQA. This report
would also include recommendations for the
implementation of Phase 2 treatability testing, if
deemed appropriate.

6.3 Phase 2 - Pilot-Scale
Treatability Testing

This phase of treatability testing would consist of
the use of a pilot system very similar to that
assembled at Aerojet’s Sacramento facility but on a
larger scale. The objectives of this portion of the
pilot-scale testing are to allow direct treatment of
San Gabriel Basin groundwater from a well or near
a well location that would be part of the BPOU
extraction system and to operate this system at a
flow rate of 100 gpm or greater.

If arrangements for delivery of large volumes of
treated water can be made, this system could be
designed to operate at a hydraulic loading rate
closer to that conceived in the extraction plan.

Ideally an existing groundwater supply well, like
the Lante well, that has perchlorate concentrations
in the range of 50 to 100 pg/L, a large holding
tank, and a connection to the Valley County Water
District System, could be used. Use of a facility
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like the Lante well site should eliminate concerns
regarding discharge of treated water, as this system
has been operated in this manner for some time.

This pilot system should be operated for at least
three months. Regular performance monitoring
would include measurement of dissclved oxygen,
total dissolved solids, total suspended solids, pH,
nitrogen, phosphorus, perchlorate, and redox
potential, as well as nitrate and perchlorate.

To simulate BPOU conditions, the pilot system
would include an air stripper to remove VOCs
prior to perchlorate/nitrate treatment. The
objectives and scope of the testing would be
described in a Phase 2 Treatability Testing Work
Plan. This work plan would be provided to the
U.S. EPA, DHS, and MWD for approval with
copies for comment to the MSGBWM and
SGBWQA. Following completion of Phase 2
testing, test results would be compiled, evaluated,
and submitted to EPA, DHS, and MWD in a brief
report with copies to the MSGBWM and SGBWQA.

6.4 Aerojet Sacramento -
Integration of Full-Scale System
Performance Data

There is certainly much to be learned from the
construction, start-up, and operation of the
perchlorate treatiment system that is currently
undergoing design at Aerojet’s Sacramento facility.
Although influent concentrations are substantially
higher than that anticipated in the BPOU, nitrate
concentrations are substantially lower than
anticipated in the BPOU, and the flow rate is less
than 10 percent of that for the BPOU project,
valuable information can be obtained by monitor-
ing the performance of this system once in
operation.

The Sacramento system is not expected to start
operating until the summer of 1998. It is assumed
that 90 days of operation will be required for the
system to become fully operational, system
operating parameters to be optimized, and
performance data to become available. Therefore,
performance data from this system will not be
available as input to the BPOU project until the fall
of 1998.

It is expected that the results from operation of this
system will provide the BPOUSC with information
on:

*
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Recommendations for Treatability Testing

+ efficiency of perchlorate reduction Proposed Schedule for Treatability Studies
* feed rate for ethanol Approximate
. . , Completion

required nutrient feed rates Task Duration Date
¢ factors infl i i i tabilit

actors influencing microorganisi stabiity Phase 1 Treatability 30 days 09/01/97
» effect on nitrate concentrations Testing Work Plan
Should the Phase 2 treatability studies be EPA, DHS, and MWD 30 days 10/01/97
constrained by disposal of treated water, perform- Review and Approval
ance data from this full-scale system can be used . :
to design the BPOU system. Phase 1 Treatability 90 days 01/01/98

Testing Implementation
6.5 Schedule for Treatability . .
Studios Phase 1 Reporting with 60 days 03/01/98
' Phase 2 Treatability
Assuming the U.S. EPA agrees with the approach Testing Work Plan
to treatability testing described above, the
BPOUSC will prepare a Phase 1 Treatability EPA, DHS, and MWD 30 days 04/01/98
Testing Work Plan. This Work Plan could be Review and Approval
ready for U.S. EPA, DHS, and MWD review and o - -
comment in late August 1997. Assuming minimal Phase 2 Treatability 150 days 09/01/98
time is required to address Work Plan comments, Testing Implementation
Phase 1 treatability testing could be started in i
October 1997 with results available in March 1998. Phase 2 Reporting 60 days 11/15/98
Assuming Phase 1 results demonstrate effluent
goals can be met, Phase 2 testing could commence
with EPA, DHS, and MWD approval in April 1998.
Phase 2 testing could be completed in September
1998, about the same time that data will be
available from Aerojet’s Sacramento perchlorate
treatment unit. Input from both phases of
treatability testing and performance data from : . - -
Aerojet’s Sacramento treatment unit would
provide the BPOUSC with the necessary
information to evaluate the feasibility of
perchlorate treatment in the BPOU.
A listing of tasks, durations, and approximate .
completion dates for proposed treatability testing
activities is provided below:
;;t
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PERCHLORATE IN RAW GROUNDWATER - MONITORING AND PRODUCTION WELLS
{from Water Quality Authority Database)
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)
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Attachment 1. Perchlorate In Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)

8000070 | 290-435 8197 MSGBWM ~NA

~ SantaFe

Covina Irrigating Company o
Bal-1 ' 1900885 | NA | eMB397 | DHS h <4

_ Bal2 1900883  NA _6/3/97 DHS <4

[ [ S

City of El Monte

5@ 145 1901695 126-154 6/12/97 MSGBWM 5.9
178-190
238-282
314-322 |
b 330-342

@270 1901695 1 126154 |
e Ameaso

238-282

UG [V S

B D | 314322 T
o | %0342
5@335 | 1901695 |  126-154 |  6/12/97 MSGBWM 55
o - i _M__178-1g0 ]
T Tl 238282 - o
B 314-322 N ]

o ] 380342 |
T10@2200 1901699 235246 | e/12/97 MSGBWM <4

| 215286 | T .
_| " a82:380 I
L ) _403-446
] o 457-468

10@280° 1901699 235-246 6/12/97 MSGBWM <4
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)

JTZO0.XNL S

382-390

403-446

457-468

479-498

.

1901699

235-246

68/12/97

MSGBWM

<4

258-266

275-286

295-306

382-390

403-446
457-468

I . o d
La Puente Valley Coun

b

1903137

- AN
479-498

150-570

y Water District

JSURUI I

MSGBWM

<4

ey

1901460

600-604

"~ e/e/97

MSGBWM

6836-875

678-739

742-766

825-833

835-845

1901460

879-935

936-940 |
600-604

PRODUCER

| e78-739

- 825-833

636-675

742-766

835-845

879-935

 936-940

~ 800-604

6/10/97

DHS

'8368-675

678-739

742-766

825-833
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)

- 835-845
. B | 879-935
3 936-940
3 1902859 620-770 6/6/97 MSGBVWM 110
3 1902859 620-770 6/10/97 DHS 73
3 . 1902859 620-770 8/12/97 PRODUCER 76 j
- 4 8000062 550-725 6/6/97 MSGBVWM 60 |
A 8000062 550-725 6/10/97 DHS 159
Miller Brewing Company
D W I 515075 eI BHS <4
2 8000076 NA 6/5/97 DHS <4
San Gabriel Valley Water Company |
 B4B | 1902858 | 920-940 "e/397 | DHS <4
T 950-1154 R
__B4C 1902947 ~798-839 6/3/97 DHS | <4 |
I 844-885 o R ]
1 ] B  920-936 .
D 972-1022 _ )
_ BSA . 1900718 110-152 6/8/97 MSGBVWM 14
173180 | I .
o - o 194-205 |
_ ] 23524 |
| 276-299 - o
~ BSB 1 1900719 | 172-185 6/9/97 DHS 9
o 236-254 ]
286-302 B
- 328-340
T 386-408
BSB 8000112 1013-1024 6/9/97 DHS <4
L 1110-1128
- 1177-1275
BeC_ | 1903003 275420 6/3/97 DHS 74
440-465
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)

J72000 NI.N

(

- 480-506
) B6C 1903093 275-420 6/9/97 DHS 71
| 440-465 -
A 480-506
__BeC 1903093 275420 6/3/97 MSGBVWM 75
R B _ 440-485 - -
- - | 480-508 - L
BéC 1903093 275420 | 6/3/)97 | MSGBVWM | 75
B ) 440465 |
- | 480-508 )
_B6D . . Booo096 | 760-769 | 63597 |  DHS <4
U 824-838 ) |
o -y 1 855905
e e} __906-938
R  942-952 ] -
. .. ... .| e80892 |( | . ;
B B} | 1024-1032
~ B6D 8000096 760-769 6/9/97 DHS <4
i - B 1 824838 ]
L I ] .. 855805 o .
. - | 906-938 ,_ ]
i ] o 942-952 B
I ] " 980-992 — ]
'1024-1032 B
i LI I 1900745 | 178-280 6/6/97 MSGBVWM | <4
,,,,, _ N ] 358400 P
~ BUA 1901439 1 330-342 6/9/97 | DHs 6 B
S, 380-372 —
- o _ 843-675 -
| 77X - ~
BB | 8000108 302-832 6/9/97 DHS <4 |
B9B 8000099 818-830 6/9/97 DHS <4
I 855-859
- B L ~ 873-885
I 921-939
} ) 11010-1022
1042-1070
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Attachment 1. Perchlorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)

. 1095-1100
7€} 8000122 | 675688 |  8/0/97 DHS <4
740-761

o ] | 867-885
N | 1040-1048 |
- - ) 1078-1083 -
S o Mo41n12 | - . _ .
o e . B 1128-1138

] 1148-1170 L
8000068 280-780 6/9/97 DHS <4

s |

| South Down (AZ-Two)

o2 | 1900038 | 350614 |  6/507 | DHS | <4
2 1900038 350614 6/5/97 MSGBVWM 42

Suburban Water Systems

*"f_f;f"’B‘cg_fftSé'it'dﬁf_jj_’ff 1900035 | T 250-582 5/29/97 DHS 411

_BigDaiton | 1900035 ~ | 250-562 | /397 | DHS | 40
Big Dalton 1/ | 1900035 |  250-582 6/3/97 MSGBVWM L4
| BigDalton | 1900035 |7 250-582 8/6/97 DHS 38
__BigDaton | 1900035 |  250-582 6/11/97 DHS 38
TT126W-2 8000082 | 200620 6/9/97 PRODUCER <4

139W-2 1901599 | 105-360 6/3/97 DHS 11

139w-4 | 8000069 |  566-842 6/3/97 " DOHS —
I Tt B i st 676’695 ~

R o _ 187-825
, 139W-6 8000152 | NA 6/3/97 DHS <4
O aow-s T 1903067 | 150-160 6/3/97 DHS 13
R ) { ~ 205-230 L
* 248-260
350-380 R
- 432-438 B
140W-4 8000093 420-1190 6/3/97 DHS 6
. 140W-5 8000145 ~600-1320 6/3/97 DHS <A
147W-3 8000077 300-1000 6/3/97 PRODUCER <4
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)

~ 201W-4 1901433 120-192 6/9/97 PRODUCER <4
194-205
B T B 208-235 1
251-275
"7307-340
342354

418422 ’ } F

R T 72 % £ .

- ] 436497 R

N I 505-521 ) T
T T 583614 ~ T

] 1901433 | 120-192 | 611/97 ___DHs <4
L 194-205

1T s I

] 251275 _ S

_ I S .l 307-340 o

o 1 342-354

B - B  416-422 L ~

- i m” 424-434 - ] ]

- - | 436497 . B ]

o O O -7 I T

o | S83844 | R

201W-5 1901432 | 160-216 6/9/97 | PRODUCER | <4 |

e e 251-264 S S F——

] 300-332 4 ]
e as54r2 | S R

o] 480512 |
200W-s | T 1901432 160-216
251-264

" 300-332
435472
S " ___ 480-512
[~ 201w-e 1901434 155218 6/6/97 MSGBVWM <4
254-274

- 405-425
T201W-6 1901434 155218 8/9/97 PRODUCER <4
254-274

6/11/97 HDS | <4
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Attachment 1. Perchiorate in Raw Groundwater - Monitoring and Production Wells (from Water Quality Authority Database)

J7200.X1 8

- | 405425 S _
_ 201W-6 1901434 | 155218 _8n11/97 DHS | <4 |
S  254-274 o
I 405-425
Valley County Water District
| Morada o 1900029 275-585 512197 DHS 12
___ _Morada 1900029 275-585 5/2/97 DHS 13
___Lante 8000060 275-577 5/13/97 DHS 63
B Lante 8000060 275-517 513197 DHS 62
| Lante 8000060 ) 275-577 6/3/97 DHS 61
_Lante 1/ 8000060 . 275817 6/3/97 | MSGBVWM | 65
~Lante 8000060 |~ 215877 [ elele TOHS | Tes
~ Lante 8000060 215577 | 6/6/97 | DHS 66
, Lante | 8000060 275-577 | 6/6/97 DHS 61
~ Joanbridge East | 1900032 ~ 300-586 ﬁ 5/29/7 DHS <4
Joanbridge West | 1902356 | 300-584 5/29/97 ~__DHS - <4
Maine East | 1900027 250-580 | 52997 | DHS | <4
_Maine West 1900028 __250-580 * 5/29/197 DHS <4 |
~__Footnotes: _ -
1/ Spllt sample wnth DHS )
2/ On June 18, 1997 producer tumned off the well due to high ¢ concentrations of Perchlorate. _ i
DHS: California Department of Health Services 1. ) o
MSGBVWM: Main San Gabriel Basin Watermaster o ~
PPB: Parts per billion I j ]
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Attachment 2

PERCHLORATE IN PRODUCTION WELLS WITH TREATMENT
{from Water Quality Authority Database)



(

Attachment 2. Perchiorate in Production Wells with Treatment (from Water Quality Authority Database)

SAMPLING_DATE | _SAMPLE_TYPE | RESULTS (PPB) |
SAMPLING_SOURCE RECORDATION_NUMBER | SAMPLING_DATE SAMPLE TYPE RESULTS (PPB)
Caiifornia Domestic Water Company - ] N
_____ Air Stripper #2 Effiuent 1910199 | " el997 ___PostAr Stripping ~ ND ]
Bassell Reservoir Effluent ) 1910198 _6/9/97 |  Bilend DWichiorinated NO
__Bassell Bgsgrvg_cr_lpjly_eltm_ o 1910199 6/9/197 ’—1 B Blend ND
o _ Well 3, 5A, 6 Blend 1910199 6/9/97 Blend ND
Covina Imgating Company
A Baldwin Park Reservoir 1910128 6/3/97 Chiorinated ~__ND
La Puente Valley County Water District -
- 3 i TTTTTT4910060 6Mno7_ ~_ Post Air Stripping 22
Mier Brewing Company - - I - _
~ Combined Effluent of GAC Vessels . O [T T ~_GAC Effluent | ND
GAC Vessel #4 1 o o | e/ | " GAC Effiuent ND
San Gabriel Valley Water Company _ ]
~___ Plant B4 Reservoir . 1910039 6/3/97 ~___Blend N |
~ Plant B4 Reservoir 1 1910039 i _{T 6/3/97 Blend/chiorinated ND
_____Reservoir B12 _ 1910039 6/9/97 Blend DW/chlorinated ND
AAAAAAAA Reservonr BS_ farge | 1910039 6/9/97 Blend/chiorinated )
Reservonr BSsmall 1910039 6/9197 Blend/chlorinated 4
B Reservonr oir86 i 1910039 6/3/197 Blend DW/chlorinated 24
S R_eservour B6 N 1910039 6/9/97 Blend/chlorinated 29
| B11B 1910039 6/9/97 Post Air Stripping ND
o ~ B6C 1 1910039 67 Post Air Stripping 7
. B6C 1910039 6/9/97 Post Air Stripping 72
R B6D 1910039 6/3/97 Post Air Stripping ND
= N B6D 1910039 6/9/97 Post Air Stripping ND
Well B6C & B6D Effiuent 1910039 81397 Blend 42
i _Well B6C & 86D Effluent 1910039 6/9/97 Blend 38
87C 1910039 6/9/97 Post Air Stripping ND
J7200.XLS Page | of 6
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Attachment 2. Perchiorate in Production Wells with Treatment (from Water Quality Authority Database)

Suburban Waler Systems
______ Bartola Well 201W-4 1910174 6/9/197 Chlorinated ND
~_ Bartola Well 201W-6 1910174 6/11/97 Chiorinated ND
__ Bartola Wells Biend 1910174 ~ener Blend/chlorinated ND
Big Dalton GAC comb. .. 1910205 ~ 5/29/97 ~ GACEffluent | 387
Big Daiton GAC comb. 1910205 _6/3/97 ~ Chlorinated 5
~ Big Dalton GAC comb. | 1910205 ~ele97 Chiorinated ] 33 4
_BigDalton GACcomb. 1910205 —enmr Chlorinated 25 |
Big Dalton GAC #2 1/2 1910205 5120197 ~ GAC Effiuent _ 416
" Big Dalton GAC #2 1/4 90205 1 spom7 ___GACEffiuent 413
___ BigDaltonGAC#23/4 | 1910205 5120197 ~_GAC Effiuent 42
Big Daiton GAC #31/2 N 1910205 6/3/197 7 "GACEffivent | 25
BigDaltonGAC#312 | 1910205 _emeg7 GACEffiuent | 32
__ BigDaltonGAC#312 1910205 61197 | GAC Effiuent 3B
BigDaltonGAC#31/4 | 79910205 _6/3/97 GAC Effiuent ~ a0 ]
__ Big Dalton GAC #3 1/4 1910205 66197 ___GAC Effiuent ¥
| BigDalton GAC #3 1/4_ 71910205 611197 GAC Effluent B 3%
___ BigDaltonGAC#334 | 1910205 6/3/97 GAC Effluent 5
B Big Dalton GAC #3 3/4 1910205 6/6/97 ~___ GAC Effluent 19
__ BigDaltn GAC#3%4 |~ 1910205 68T 1T T GAC Effiuent 3
" CAReservoir 121R1 1910205 _ 529/97 Chiorinated 122
L CA Reservoir 121 R1 1910205 6/3/97 Chlorinated 5
CAReservor121R1 | T~ 1910205 6/6/97 Chiorinated 7
~CAReservoir 121 R1 1910205 6/11/97 Chiorinated 9
~ Reservoir 125 R1 1910205 6/3/97 Chiorinated ND
___ Joanbridge East Well (06E) 1910009 5/29/97 Chiorinated N
___ LanteReservoir T 1910000 ~ 5129/97 Chlorinated B 66 |
T LanteResevoir | 1910009 R  Chiorinated T T
Lante Reservoir 1910009 | 6/6/97 |  DrinkingWater | = 8
Lante Reser\(o_u___-__ I 1910009 6/6/97 Drinking Water 8
o /L_aj)ie_ Reservoir L 1910009 _6@/97 L Drinking Water 8
Lante Well 7 1910008 697 AOP Influent 64 ]
e  lentewen | 1910009 68197 AOP Effluent 64
~_Lante Well 1910009 6/8/97 GAC Effluent (primary vessel) 45
| ~_Lante Well _ 1910009 6/6/97 GAC Effluent (polishing vessel) 10
~ LanteWell L 1910008 6/6/97 GAC Combined Effiuent 17
Lante Well 19100089 6/6/97 GAC 172 depth polishing vessel 18

17200.X1.8
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Attachment 2. Perchiorate in Production Wells with Treatment (from Water Quality Authority Database)
| __Lante Well 1910009 _ 6/6/97 AOP Influent 66
~Lante Well j 1910009 6/6/97 AOP Effluent 66 |
] ~ LanteWell i 1910009 _elelT GAC Effluent (primary vessel) 39
- Lante Well 1910009 '6/8/97 | GAC Effuent (polishing vessel) 9
© LanteWell 1910009 } 8/6/97 GAC Combined Effluent I A
~ Lante Well 1T 1910009 6/6/97 GAC 172 depth polishing vessel 12
Lante Well i 1910009 6/6/97 AOP Influent 67
- Lante Well 1 1910009 e~ | AOPEffuent 68
| Lantewell - 1910009 | em/97 GAC Effluent (primary vessel) 3
o Lante Vlell_ B 1910009 I 6/6/97 GAC Effiuent (polishingvessel) | 98
~_LanteWaell ~ 1910009 ) 6/6/97 GAC Combined Effluent %
| Lante Well - 1910009 w7 GAC 172 depth polishing vessel 1
_ LanteWell GAC#212 1910009 ] 6/3/97 GAC Effiuent ” 14
~ Lante Well GAC #2 eff. 1910009 el GAC Effiuent 18
) Lante Well GAC #1eff. | 1910009 et ~GAC Effluent T
 Main GAC combined | 1910009 sreleT __ GAC Effiuent ND
_MainGAC#1port2? |~ 1910009 - 520097 | GAC Effiuent ND
Main GAC#1pot3? 1910009 5129/97 GAC Effient ND
J72000.X0.5 Page 3 of 6 Harding Laweon Asacoclates




Attachment 2. Perchiorate in Production Wells with Treatment (from Water Quality Authority Database)

[COMMENTS

Blend of Wells 1, 5A, and 6 aner air stripping. - B : e B O

Blend of Wells 2, 3, 5A, 6, and 8 after chiorination??? o e . _
Blend of Wells 2, 3, 5A, and 6. i . S
Blend of Wells : 3 5A and 6 pnor to air stripping. o - R
Resudual C12 was 0 52 mgll.___ L ] B o _ _ - _*: ] N e U

Prior to Chiorination. e e -
After Chlorine Injectnon Point ]
Blend from Wells B11A, B11B, B9B, B7C, and B7E. Residual C12 was 0.75 mg/L. . e
Water from B5, well is transferred to B5 large for storage prior to distribution. Residual C12 was 0.62 mg/L. B L
Blend from Wells BSA, B5B, and BSC. Residual C12was 0.59 mg/L. L e
Residual C12 was 0.52 mg/L. . - ] _ : _

Blend from Wells B6C,and B6D. Residual C12 was 0.51 mg/L. o _ o

After Air Stripping - ] B - e e
After Air Stripping . ~ _ e -
|After Air Stripping - -
After Air Stripping o e . - S
Combined effluent after air stripping. _
|Combined effluent after air stripping. -~
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Attachment 2. Perchiorate in Production Wells with Treatment (from Water Quality Authority Database)

Resudual C12 was 0.09 mglL
Resndual C12 was 0.08 mg/L.

Sample taken at the Chlorination Bualdmg Residual C12 was 1.09 mg/L
GAC vessels 18& 2 combsngd effluent blend o B L s
Combined effluent from GAC Vessels #3 & 4. Residual C12 was 149 mg/L.

Combined effluent from GAC Vessels #3 & 4. Residual C12 was 0.92 mg/L.

Combined effluent from GAC Vessels #3 & 4. Residual C12 was 0.84? mgiL.

Sampled at 1/4 depth prior to breakthrough.
Sampled at 3/4 depth, prior to breakthrough.

Sampled at 1/2 depth, 5th day of filter run
Sampled at 112  depth, 7th day of filter run
Sampled at 1/2 depth, 12th day of filter mn

Sampled at 14  depth, 5th day of filter run
Sampled at 1/4 depth, 7th day of filter run
Sampled : at 1/4 depth, 12th day of ﬂlter run

Sampled at 3/4 depth, 5th day of filter run

Sampled at 3/4 depth, 7th day of filter run

Sampled at 3/4 depth, 12th day of filter run

Blend prior to distribution. Resuiual C12 was 0.63 mg/L

Blend from Big Dalton, 139W-2, 139W-4 139W-5, and 139W-6. Resodual C12was 0.7 mg/L.
Blend from Big Dalton, 138W-2, 139W4, 139W-5, and 139W-6. Residual C12 was 0.94 mg/L.

Blend from Big Dalton, 139W-2, 139W—4 139W-5, and 139W-6. Residual C12 ) was 0.92 mg/L.

Residual C12 was 0.70? mg/L.

Residual C12 was 0.13 mg/L.

Residual C12 was 0.11 mg/L. _

Post AOP (secondary | monohydrogen peroxnde feed rate) sampled at 11:06am.

Post AOP (secondary monohydrogen peroxide feed rate), sampled at 11:46am.
Post AOP (secondary monohydrogen peroxide feed rate), sampled at 12:09pm.
(AOP mﬂuen_t Lante Res.. sampled at 10:40am.

_AOP effluent ("prehmmary monohydfogen peroxide feed rate). sampled at 10:50am.

GAC cross-over between primary and secondary vessels, sampled at 10: 51am.

GA(_._‘, emuenl of polishing vessel, sampled at 10:59am.

Combmed effiuent of both GAC vessel union (note: flow in one vessel train is higher than the other due to carbon placement and stainer differences?); sampled at 11:01am j
Post AOP (fmal monohydrogen peroxlde feed rate), sampled at 10:56am.

. AV - _—
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Attachment 2. Perchiorate in Production Wells with Treatment (from Water Quality Authority Database)

AOP Influent - Lante Raw, sampled at 11:30am
AOP Emuent (prellmmary monohydrogen peroxide feed rate), sampled at 11:29am.
GAC cross-over between primary and d secondary vessels, sampled at 11:32am.

GAC effiuent of polishing vessel; sampled at 11:38am.
@ombnnw effiuent of both GAC vessel union (note: flow in one vessel train is higher than the other due to carbon placement and stainer differences?), sampled at 11: 42arr_1___* ]
Post AOP (final monohydrogen peroxide feed rate); sampled at 11:15am.

AORP Influent - Lante Raw; sampled at 12:10pm
AOP Effluent (prehmmary monohydrogen peroxide de feed rate); sampled at 12:12pm.
GAC cross-over between primary and secondary vessels, sampled at 11:57am.

(GAC effluent of polishing vessel, sampied at 12:03am.

[Combined effluent of both GAC vessel union (note: flow in one vessel train is higher than the other due to carbon placement and stainer differences?), sampled at 12:09pm _
Post AOP (ﬁnal monohydrogen peroxide feed rate), sampled at 12:09pm.
Sampled at 1/2 depth.

GAC vessels 1 & 2 combmed efﬂuent blend
Sampled at 1/2 depth.

Sampled at 3/4 depth.
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Attachment 3
LITERATURE SEARCH FROM THE SUTTER/CHS HEALTH RESOURCE CENTER LIBRARY



w w‘ .

Name: ﬂWZlAM CM#”\M Date: 1-27-97

Thig i¢ the information
you requested on:

Misded 5 204 we ok come wp infh on WW]‘
The Stale Lbur, ohordel hort Thesre arnticlos
If the library staff can be of further assistance, please call us.

Monday - Friday
N~ 10:00 - 5:00
(916) 733 - 3€<0
(016) 733 -3€79 FAX
SHRC@CWO.COM EMAIL

The enclosed materials are not intended for diagnosic: they are for general informational purposes only.
These materiale do not include all medical information that may be relevant to your request, and are not 3
recommandation for any particular reatment, medication or course of conduct. The enclosed materials should not be used
as 3 substitute for secking advice or treatment from g madical doctor. We strongly recommend that you consult your
physician for any medical condition.

L

- Sutter Cancer Center
2€00 L Street, 6th Floor
Sacramento, California 95€16

e

" Visit our WEB Page!
http/wsuttor-che.org
click on "Hoalth & Welinese"
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Al - Trip MO ; Duren OR ; Wiersinga WM

7L - Two cases of amiodercne-indvced Chyrotoxicosis successfully
treated with a8 short caurse of antithyreid druygs while amioda-one
was continuved.

51 - T0Xx8I8- 957433719

so - Br Heart J; VoL 72, IS5 5, 1394, LPEE-8

A8 - Two patients with amiodarone-induced Chyroloxicosls were trealed
successfully with potossium perchlorate ond carbimazole while
treatment with amicdarcone was continued. These anlilthyroid drugs
were stopped after the palients had became clinicaldly oand
biochemically euthyroid. Ouring follow vp, when treatment with
amicderaone continved, thyroloxicosis did notl recur.
Amiodarone-induced Cthyrotoxicosis seems Lo be a Cransient
condition that can be treated swccessfully with 3 short course of

N~ antithyroid drugs wilthout stopping amiodarone treatment.

2

AU - laure P ; Stierle F

FI - Methoemoglobinaemic: an vnusual case report [letter)

SI - TOXBIB8 93,253187

Sa - Intensive Care Med,;, V0L 18, IS5 2, 1993, P14

AU - van Oam EW ; Prummel MF ; Wiersinga WM ; Nikkels RE

TI - Treatment of amiodarcne-induced hypothyroidism with potassium
perchlorate.

SI - T70X8I8/93,/189842

S0 -~ Neth J Med;, VOL 42, ISS 1-2, 1995, Pl1-4

AB - The antliarrhylhmic drug, amiodarone, induces thyroid dJdysfunction,
which is potentially dangerous in cardiac patients. After
discontinuatlion of the drug it tokes several months before
evthyroidism is restored. The potent anlithyroid drug, potassium
perchlorate (KCl04), is used successfully to treat
amiodorcone-induced thyroloxicosis, but il is less well known as
potential Ctreatment in amiodorone-induced hypothyroidism. In this
case reportl we describe the successful use of two courses of
AClO4 treatment in o caordiec patient with severe
amiodarone-induced hypothyroidism. The mechanisms responsible for
the amiodarone-induced hypothyroidism and raotionale for Che Use

N of KC1QO4 in this condition are discussed.
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- Abrogation of c-MYC protein degraedation Iin human lymphocytle
lysafes by prior precipiltoelion with perchloric 2cid.

- TOX8I8.792.°259982

- J Immunod Methods,; VO! 149, ISS 1. 199.. PL9-38

- Conventional lysis butfers, though contoining cochtails of
protease inhibitors, Jdid nolt prevent Che degrada2tion of c-MmMyC
recombinant protein added immediotely prior to lyssis Co cell
pellets from human mixed lymphocyle cultures. Treatment of the
cells with 4.28 perchloric acld, however, prevented praotein
degradation and facilitated the detection of c-MY( protein by
Western blotting even Iin wnstimulated lymnphocytes, where
previously It had been reported Lo be undetectable or barely
delectable using Cthis Ctechnique. PHR stimulation of lymphacytes
induced an approximately six fold increase in measured c-AYC
protein vithin § h If cell extracts were prepared using
perchloric acid precipitetion. However, using coanventional ly
buffer the proto-orncegere protein wss undetectodls wuntil 438-72 4
after mitogen addition. Pretreatment with perchloric acid moy be
useful for Western blotting enalysis of pratein in other systems
where il may be desirz2ble to dispense with the use of toxic
prolease Inhibitars o~ where Chese may O#» incompletely 2 fective.
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- Treatiment of amiodarone induced hvperthvroldism «ifh polassium
perchlorete and methimercole during amiodarone treatment.

- TOXBIB 89/336049

- 8BMJ; VOL 298, ISS 6687, 1989, P1547-8

~ To expleil the gntiarchylhmic effect of amiodarane when patients
develop the side effect of thyrotoxicosis three patients with
hyperthyroidism induced by amiodarone were given simultansously i
g polassium perchlorate 2 day for 40 doys and 3 starting dose of
20 mg methimarole 9 Jay while Cthey continued to Cake amisrderone.
As hyperthyroirdism might have recurred after potassium
perchlorate trealtment was slopped the dose of methimazols was net
reduced until biochemical hypothyroidism (raised thyroid
stimulating hormene concentrations) was achieved. The patients
become euthyroid (free triiodothyronine concentration returned to
normal values) in two to five weeks oand hypothyroid in 10 to 14
weeks. One patient became euthyroid while taking § mg methimarolz
a Jday and 688 mg smioderone weekly; the two others required
substitution Ctreatment wilth thyroxine sodium while taking 5§ mg
methimarole or 59 mg propylCthiouracil (because of an allergic
reaction to methimarole) and 21088 or 1409 mg amiodarone weekly.
Hyperthyroidism induced by amiodarone may be treated with
potoessium perchlcorate and methimarole given simul taneously while
treatment with amiodarone Is continved.
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0al Fabbro S ; Oalle Mule I ; Bridde A

More on KClA¢4) and emiodarone associated thyrotoxicosis [letter]
rox818,/89,/,124204

J Endocrinol Invest; VoL 11, ISS 2, 1988, PESI-2

Bonnyns M ; Bourdoux F

Oelayed control of iodine-induced Cthyrotoxicosis with a
thionamide after KCl04 withdrawal [letter]

TOX8IB 88,/855293

J Efndoecrinol Invest; V0L 11, ISS &, 1988, P393

Newnham HH ; Topliss 07 : (e Grend BA ; Chosich N ; Haerper RW ;
Stockigl JR

Amiodarone~induced hyperthyroidism: assessment of the predictive
value of biochemical tesling end response to combined Cherapy
using propylthicuracil and potassium perchlorate.
TOXBIB/88,288687

Austlt N 2 J Med; V0. 18, ISS 1, 1988, PI7-44

In order to assess the value of Chyreoid function testing during
amiodarone theropyv, we reviewed 311 available tests in 128
patients treated wilh this drug. Nine patients (7.0%) developed
biochemical hyperthyroidism with elevation of both free thyroxine
Index (FT4I) and free trifodothyronine index (FT3I) and marked
suppression of serum Uthyroid stimulating hormone (TSH) after 1-46
months of therapy; siv of these nine patients had clear clinical
evidence aof thyroid overactivily. Where serial lests were
avaeilable before development of hyperthyroidism, this
complication developed suddenly, despite previously stable normal
indices of thyroid function, and could not be predicted by
currently-available biochemical tests such as T4, T3, sensitive
TSH, thyroglobulin or sex hormone binding globulin (SH8G) assays.
Clinical features such as unexplained weight loss, proximal
myopathy, exacerbation of arrhythmia, or heatl Intolerance appear
to be the key to prompt diagnosis of this complication.
Myperthyroxinemia without T3 excess was found in 32.8% of
patients witheut progression lo lrue hyperthyroidism. Serum TSH
remained detectlable by sensitive assay in 17 out of 18 patients
with amiodarcne-induced euthyroid hyperthyroxinemia and was
significantly higher thon in patients with equivalent
hyperthyroxinemia due tao thyroxine therapy. Serial levels of SHEG
were higher in patients wilh Crue hyperthyroidism than in those
wilth euvthyroid hyperthyroxinemia. The effect of combined
Ctreatment with propyvlthiouracil (806 mg/doy) and polassium
perchlorate (8808 mg/ dey) was evaluated in five of the six
clinically hyperthyroid patients. Biochemicsl euthyrofdism was
achieved after 7-19 weeks, a response slcwer than previously
reported, Iindiceting thaol Cthis drug combinaticn does not resuvlt
uniformly in prompt resclution of emiodarone-Induced
hyperthyroidism.
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et E P



Lt
]

Tsukamoltoe 5 ; Mule T ; Chibe S ; Svude 7 ; Shibuvya Y ; O0snide S
An Improved perchloric ocld method for deb2rminafion and
stability of human dlcod acelaldehyde.

TOX8r8, 3813385855

Arukoru Kerkyulo Yaiubulsu Ison; VOO 22, 155 3, 19837, Pl203-10

Mortino £ ; Aghini-lombardi F ; Mariolli $§ ; lenziordi M ;
Baschieri L ; 8Brevermsen L& ; Pincherae A

Treatment of amicdarone associated Cthyrotoxicoslis by simultaneous
administration of potassium perchlorate end methimacscole.

TOXBIE, 87009636

J fndocrinced Invest; Vol ¢, ISS =, 1986, °Pl01-7

Amiodorone Ifodine Induced Chyrotoxicosis vccurs Ffrequently in
patients resfiding in areas of mild rfodine deficiency and In
patients with preexisting goiter. Orug therspy of the
hyperthyroldism Is oflen unsuccessful. Twenty-three patients with
amiodarone induced Cthyrotoxicoslis were elither not treated,
treated wilth 49 mg methimarcle daily or with methimarole and 1 gm
potassium perchlorate daily for up to 49 days and then with
methimarole alone. Thyrotoxiceosis was more likely to
spontanecusly remiC in patients withoult goilter. Therapy with
methimazole alone was unsuccessful in inducing euthyroidism in §
patients with geiter. However, combined Cherapy wilh methimarole
and potassivm perchlorale rapidly slievisted hyperthyroidism I7
almost all patients with goiter. This drug combinetion Is
successful becsuse perchlorate Inhibits the active transport of
iodine Iinto Cthe Chyroid and methimazole blocks the intrathyrolidzld
synthesis of thyroid hermores.
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Martine £ ; Mardiotlti S ; Aghini-lombardi F ; lenziardi M ;
Morabito S ; Baschieri L ; Pincherae A ; Sravermen L ; Safran M
Short term administration of potassium perchlorate restores
euvthyroidism in amiodarone iodine-induced hypothyroidismn.
TOXBIB /87 /8608988

J Ciin £fndocrinol Melab, VOl 63, ISS §, 1986, PIZ2FS-6

We studied the effect of potassium perchlorate (KC104) in
patients with hypothyroidism due Co amiocdarone. The short term
administration of KC104 to six such patients led to promptC
restoration of euthyroidism, while the three untreated patients
remained hypothyroid for 2-6 months. Since KCI04 inhibits thyroid
iodide transport, thereby blocking furthe~ entrance of fadide
into the thyroid and decreasing intrathyrcoidal fodide content,
amiodorone-assaciated hypothyroidism is probably secondary to the
inhibitory effect of excess Ifntrathyroidal fodine on thyroid
hormone synthesis.
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Similar effects of thionuomide Jruys ard perchlorate on
thyorodid-stimulating imrcnvglobulins In Graves’ Jisease: evidernce
ggelinst an immunosuppressive cctlion of thionamide drugs.

TOYBL8 847062173

J Clin Endocrinel Metaob: VOL S5, ISS 1. 1984, °62-3

Crovicous studies reve sfiown Cha 2rum Citers of Chyralid-speol 00
antirdodies such 2s Cryreld-stlmuelaling Jamuneglobuiins (757).
rsH-displocing antibedies (FTAR), or micreoesomal entibodies (M3p!
decreadse Iin patients wil'y Graves' Jdisease during Cherapy «Irh
cthicnamide dJdrugs (T0). In keeping wilth sowme in viltro results J°
wos postulated thst T2 hove @n fmmunosuppressive aclion which ric.
be partily responsibtle For the beneficial effects. To Ffurther
elucidate this Ctheory, we campuered Cthe changes in TSI during
Creatment with TO such as methimazole (MNI) and propylthiocvracil
(PTU) as well 9s with perchlorate (°C). an unrelated compound
with @ different med» of therapevtic action, OF 69 patients with
hyperthyroidism due ta Groves' dJdisease, serum from 62 (90%) was
positive for T8I, as nmeasured by cAMP occcumuvlalion in @ Cthyrold
tissve culture assay. Six patients haed Co be excluded due to
noncomplisnce. O0F the remeining 56 paltients, Chose 41 subjzcls
(7323) with good contrs3! of the dJdis2ase were followed up To 4
months during dose-sd usted anlithyzrofid Creztment. All patienctcs
with an uncomplicited course of treatment had a decline in the
initially Increased T5I values on either drug regimen. Five of [
patients receiving PTY and 8 of 13 pallisats receiving MMI reachel
normal TSI levels; so Jdid 11 of 18 petients receiving PC. Thersz
was no Individual cerrelation between T51 decrease and drug
dosages or the serum 74 and T3 levels. In ell 3 groups, howvever,
2 decreese In meanr T1 and T3 levels preceded the fall in T7SI. By
grouping the patisnts according to whether Cthey had more Cthan o
P8 Jdecrease [n the Inifiel TSI velues ofter either 2 manths or
more Chan & months o C-salment, I6 could be shown that the late
responders fHod signi®icantly higher T3 and T3 levels afler 2
months of Creatment. The similar petierns of change (n TSI durin;
trealtment wilh TO and °PC are strong evidence against an
Immunosuppressive errzcC of TO. If a3ny Jdirect inter-ferernce
cccurs, & toxic effect on Intrathyroidal lymphocytes by
intrathyrofdel Jdrug sccumulaltion could be the covse of Lhe
disappearance of 7SI Jith both drug types. an tne other heond, Che
dats provide Indirect evidence for the theory that the
restoration of the euthyroid state [s the cause of decreesing T57
levels and nermolization of the immune regulation in many
patients during tresatment wilth antithyroid drugs.
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Lang-term use of potassium perchlorate.

TOXB8I18,/82/°05991¢

Postlgrad Med J; Vval §7, ISS 670, 1981, PS16-7

A case of Graves' disease wilh potussium perchorate for 22 years
without ill effect Is described. Thyrotoxicosis recurred 4 weeks
after the medication wvas withdrawn, svggesting thot euvthyrofdismn
had been maintained by chronic use of the drug. As toxicity of
perchlorate is probably dose related, it is suggested that
long-term use of low dose perchlorate may be no more hazardous
than alternative antithyroid therapy.
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Long-term use of potassium perchlorate

J. M. C. CoNNELL
M.B., M R.C.P.

Department of Medicine, Western Infirmary, Glasgow

Summary

A case of Graves’ disease with potassium per-
chorate for 22 years without ill effect is described.
Thyrotoxicosis recurred 4 weeks after the medication
was withdrawn, suggesting that euthyroidism had been
maintained by chronic use of the drug. As toxicity of
perchlorate is probably dose related, it is suggested
that long-term use of low dose perchlorate may be no
more hazardous than alternative antithyroid therapy.

Introduction

Potassium perchlorate was extensively used as an
antithyroid agent in the late 1950s and early 1960s
(Crooks and Wayne, 1960): by competitive inhibi-
tion of the trapping of iodide by the thyroid it was
effcclive in reducing thyroid hormone production
by the gland, and consequently in relieving symptoms
of thyrotoxicosis (Godley and Stanbury, 1954). No
evidence has been produced to suggest that it might
influence the natural course of thyrotoxicosis.
Following reports of toxicity, in particular of bone
marrow hypoplasia (Barzilai and Sheinfeld, 1966) it
fell into disfavour, and is now used mainly for
investigative purposes. The author now reports a
case of long-term use of potassium perchlorate,

Case report

A 72-year-old female was referred to the Thyroid
Clinic in August 1980 with symptoms of thyrotoxi-
cosis. She had undergone a partial thyroidectomy
in another hospital in 1945 for thyrotoxicosis. In
1956, she was diagnosed as suffering from pernicious
anaemia, and started on regular vitamin B,, therapy.
In 1958, her thyrotoxicosis recurred both clinically
and biochemically. She was rendered euthyroid with
potassium perchlorate, one g/day by mouth for
one month, and maintained thereafler on 200 mg/
day, with good control of symptoms. She remained
clinically euthyroid on this therapy without ill effect
until May 1980, when her GP stopped the potassium
perchlorate. Four weeks later she developed symp-
toms of thyrotoxicosis, including weight loss, heat

0032-5473/81/0800-0316 $02.00 & 1981 The Fcilowship of Posigraduale Medicine I

intolerance and excessive swesating, and was re
ferred to the Thyroid Clinic. Apart from perniciow
anaemia affecting a maternal aunt, she gave e
other history of note.

On examination she was clinically thyrotoxic
with warm moist palms and hyperkinetic movements
She had a tachycardia of 120 beats/min. A smal‘
diffuse goitre was palpable, with the left lobe bemc
larger than the right; no bruit was audible. There§
was no ophthalmopathy. Other examination wa}
unremarkable.

Initial thyroid function tests confirmed the clinical
impression with a T, of 245 nmol/l (normal rang)
59-174), T, of 4-2 nmol/l (normal range 1-29-3-3)
and a free thyroxine index of 774 (normal rang
17-8-46-1) (Amersham radioimmunoassay kit). Thy
roidal uptake of '3*[al 20 min after i.v. administre
tion of the tracer was clevaled at 9-7% of dom
(normal range 2-8%); the precipitin test for thyro
globulin antibody was negalive. A technetium scas
of the thyroid showed a diffuse uptake of isotope, with
the left lobe more active than the right. Haemogloba
was 11-3 g/dl with an MCYV of 88 i; WBC ws
5-3x 10%/1, with normal film appearances; plateld
count was normal at 194 x 10%/1.

A diagnosis of Graves' discase seemed reasonabis
in view of her history of pernicious anaemia, and the}-
diffuse thyroid scan appearance. In view’of her ag
and recurrent nature of her iliness, she was treat
with radioactive iodine (1*'1) by mouth, and is ng
clinically euthyroid.

Comment

This appears 1o be a unique case with maint
of cuthyroidism by the use of potassium perchlo
over a period of 22 years. The tempora! relationshighf
between withdrawal of perchlorate and recurrence §§
thyrotoxicosis suggests that perchlorate was
sponsible for the maintenance of euthyroidism,
continued chronic intrathyroidal iodine depletios)
With the withdrawal of perchlorate, unbieck
excessive iodide trapping was able to occur, lepdi
to excessive thyroid hormone production;
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situation is analogous to the cases of thyrotoxicosis
‘unmasked’ in populations by the introduction of
dictary iodine supplementation (Connolly, Vidor
and Stewart, 1970).

This patient received potassium perchlorate for
22 ycars without any untoward effects. The reports
of adverse reactions to potassium perchlorate sug-
gested that these effects of the drug were dose related
{Morgans and Trotter, 1960), and it may be that
low dose perchiorate (200 mg) is no more toxic than
the current generation of thiourylene antithyroid
drugs (Barzilai and Sheinfeld, 1966).

- s
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Similar Effects of Thionamide Drugs and Perchlorate on
Thyroid-Stimulating Immunoglobulins in Graves’
Disease: Evidence against an Immunosuppressive Action
of Thionamide Drugs

KLAUS W. WENZEL anp JOACHIM R. LENTE
Thyroid Research Group, Klintkum Steglitz, Freie Universitat, Berlin. West Germany

ABSTRACT. Previous studies have shown that serum titer< values on either drug regimen. Five of 10 patients receiving PTU

of thyroid-specific antibodies such as thyroid-stimulating im- and 8 of 13 patients receiving MMI reached normal TS1 levels:
munoglobulins (TSD), TSH-displacing antibodies tTDA). or mi- so did 11 of 18 patients receiving PC. There was no individusl
crosomal antibodies (MAb) decrease "in patients with Graves’ correlation between TSI decrease and drug dosages or the serum

disease during therapy with thionamide drugs (TD). In keeping T. and T, levels. In sll 3 groups, hoye\'er, 8 decrease in mesn
with some in vitro results it was postulated that TD have an T. and T, levels preceded the fall in TSI By grouping the

immunosuppressive action which may be partly responsible for patients according to whether they had more than & 20 de-
the beneficial effects. To further elucidate this theory, we com- crease in the initial TSI values after either 2 months or more
pared the changes in TSI during treatment with TD such as than 4 months of treatment, it could be shown that the late

responders had significantly higher T, and T, levels after 2
months of trestment.

The similar patterns of change in TSI during treat ment with
TD and PC are strong evidence against an immunosuppressive
effect of TD. If any direct interference occurs, a toxic effect on
intrathyroidal lymphocytes by intrathyroidal drug accumulation
ciild be the cause of the disappearance of TSI with both drug

methimazole (MMI) and propylthiouracil (PTU) as well as with
perchlorate (PC), an unrelated compound with a different mode
of therapeutic action.

Of 69 patients with hyperthyroidism due to Graves' disease,
serum from 62 (90%) was positive for TSI, as measured by
cAMP accumulation in a thyroid tissue culture assay. Six pa-

tients had to be excluded due to noncompliance. Of the remain- tvpes. On the other hand, the data provide indirect evidence for
ing 56 patients, thuse 41 subjects (7:37%) with guod control of the the theory that the restoration of the euthyroid state is the cause
disease were followed up to 24 months during dose-adjusted of decreasing TSI levels and normalization of the immune reg-

antithyroid treatment. All patients with an uncomplicated ulation in many patients during treatment with antithyrosd
course of treatment had a decline in the initially increased TSI drugs. {J Clin Endocrinol Metab 58: 62, 1984)

N 1969, Pinchera et al. (1) reported a gradual decrease =~ showed a decline similar to that occurring during thise

in LATS activity in the sera of Graves’ patients who  amide medication. To rule out uncertainty due to te
were treated with antithyroid drugs. In recent years, small numbers of patients or the short duration of the
further longitudinal studies have also shown that TSH-  study, we extended the survey to a total of 56 patients.
displacing antibodies (TDA) (2-9), thyroid-stimulating Although side effects of PC have not proven to bea
immunoglobulins (TSI) (4, 9-11), and microsomal anti-  major problem (16), this drug has not been frequemtly
bodies (MADb) (5, 12) often decline or disappear during  used for the treatment of hyperthyroidism during the
treatment with thionamide drugs such as methimazole last 2 decades. Before commencing this investigatisa,
(MMI), carbimazole (CBI), or propylthiouracil (pfrU)__—«.there'fore, we _reviewed the literature concerning advess
It was, therefore, proposed that thionamide drugs had an  reactions dunng PC treatment. It was evident, howews,
immunosuppressive effect upon antibody production (5,  from 2 large series of 200 (17) and 180 (18) patients, tha

8, 10). Some in vitro experiments supported this view (5,  Severe adverse reactions, such as agranulocytosis, wes
13, 14). To examine this hypothesis, we studied the likely to occur only when large doses of more than 18
course of serum TSI levels during treatment with PTU, ™8 PC were administered, while doses lower than 148

MMI, or perchlorate (PC) in similar groups of Graves’ mg PC had fewer side effects than thionamide drugs.
hyperthyroid patients (15). Unexpectedly, TSI activity )
in serum did not persist during therapy with PC, but Materials and Methods
_— TSI assay

Received February 23, 1983. i i

Address requesta for reprints to: Dr. Klaus W. Wenzel, Kantatrasse TSI values were determined by measuring cAMP sccoms
14, 1000 Berlin 12, West Germany. lation in the supernatnt of primary tissue cultures of homm

|

E
|
|

62




vevet,

rere

1

PERCHLORATE, FTHIONAMIDES AND TSI €
thyroid cells from specumens obiained from eathveoid paticots asavndronge of peter enlargement, persisting TSI, low T, and
with diffuse goiters (19). The ornnal method wis improved by borderline clevated Ty have been published previoushy (2.4,
amodified cell purification method developed fur the separation Since the purpose of this study was to examine the effect of PC

of lymphocytes from thyroid tissue (20). In brief, resccted
thyroid specimens were minced, incubated with Dispase I
Boehringer Mannheim, New York, NY). and passed through
s tissue sieve. The filtrate was layered onto a three-step discon-
tinuous Percoll gradient (density, 1.077, 1.C61, and 1.030 g/ml,
respectively). Thyroid cells appeared in band I1. whereas debris
was separated in the upper band, and blood cells were separated
in the lower band. Using a modification of the original method
119}, a suspension of 10° viable cells/well was precultured in
Fakon multiwell tissue plates (Falcon Plastics. Los Angeles,
CA) for 24 h at 37 C before the addition of 0.2 ml serum to
esch well. After incubating the thyrocyte cultures for another
24 h, 50 ul of the spontanecus supernatant were taken for
measuring cAMP by RIA (Becton Dickinson, Mechelen, Bel-
gium). TSI activity was calculated by comparing the cAMP
response (pmol cAMP/ml) induced by a test serum with the
response to a pooled normal human serum. The results were
expressed as the percentage of the control values:

¢cAMP of patient serum x 100
cAMP of control poni serum

TSI =

Since 50 individual normal sera had an average value of 100 %
% (SD) in comparison with the control pool, TSI activity
higher than 120% was considered as positive. This was in exact
concordance with the results of others who used this method
of calculating TSI activity (21).

The sensitivity of this system, tested with various doses of
bovine TSH, was 10 uU TSH/ml. The intraassay coefficient of
variation for 10 single measurements of different sera ranged
from 4.4-8.4%. The interassay variation in 12 different esti-
mations showed a CV of 6.8% with 2 strongly positive sera, hut

ather sera had wide variations or even became negative. Al-
" though the authors of the original method found that varying

sumbers of Graves’ patients were TSI positive with different
thyroid preparations, probably due to different properties of

" " the cell membranes, repeated estimations with 5 different thy-
. reid specimens yielded a 100% prevalence of TSI in Graves’

patients (22). Therefore, in this study all samples from each

- single individual were always estimated in 1 TSI assay.

Hormone concentrations in serum were determined by com-

: mercial RIA assay kits, using normal ranges established in this
. lsboratory: T, by Quantimmune-T,-RIA (Bio-Rad, Richmond,

CA), normal range: 4, 5-12, 4 ug/dl; T, by Ts-RIAcid (Henning,
West Berlin, West Germany), normal range: 50-220 ug/dl.

Petients

Of 69 patients with unequivocal hyperthyroid Graves’ dis-
ease, 62 (90%) subjects had measurable TSI activity in serum.
Sa patients were excluded because of noncompliance with
therapy. Thus the longitudinal study was performed with 56
petients. In 7 the hyperthyroidism was difficult to control. One
petient receiving MMI and 5 receiving PC required varying
drug doses; excess iodine intake was a possible cause in the
Istter. One patient did not respond to 60 mg MMI and could
enly be controlled by addition of lithium carbonate. ‘T"he data
from 8 patients (2 on PTU, 5 on MMI, 1 on PC) who developed

on serum I'S] levels, only data from the remaining 41 patient«
with good control during the therapy will be presented.

All panients were studied at the time of their first occurrence
of hyvperthyvroidism, which had a duration between 2 months
and, at most. 2 vrino differences in the subgroups). The average
ages ol the patients in the 3 subgroups were not significantly
different (PTU group, 38 + 12 (£8D) vr; MMI group, 39 + 11
yr. PC group. 35 = 14 yr]. Thyroid scan showed a normal sized
thytoid in 12 out of the 41 patients, while diffuse enlargement
was present in 8 of 10 subjects on PTU, 9 of 13 patients on
MMI. and 12 of 18 subjects on PC treatment. Graves’ ophtal-

mopathy was present in 8 of 10 (PTU). 9 of 13 (MMI), and 14
of 18 (PC) subjects.

Antithyroud treatment

Drigdoses were adjusted according to serum T, and T-
levels; usually the dose was halved after T: had reached the
normal range. Treatment was started with three doses per dav.
After reduction to daily doses of 10 mg MMI or lower and 50
mg PTU or lower, only one dose in the morning was recom-
mended. while PC was administered in two or three doses per
day. For adjustment of drug doses, serum T, and T. were
determined every 3-4 weeks during the early phase of treatment
and subsequently every 6-8 weeks or at longer intervals after
control of the disease.

Patients were assigned randomly to the subgroups for med-
ication. Ten patients were treated with PTU, starting with 300
mg/dayv; the dosage was reduced gradually to final doses ranging
from 25-100 mg PTU/day. Thirteen patients took MM! with
gradual reduction from 60 mg to final doses of 2.5 to 10 mg/
day. Eighteen patients received PC, starting with 900 mg: this
was adjusted to 40-120 mg PC/day. None received thyroid
hormones. Occasionally in the early phase. propranolo! in low
doses (40-60 mg/d) was given. The 38 women in this study did
not take oral contraceptives.

Statistical anslysis was performed using Student’s ¢ test for
paired comparisons and the Wilcoxon rank test.

Results

The changes in TSI titers during treatment are de-
picted in Figs. 1-3. Individual values are given because
the scatter of early and late responders could not have
been recognized by drawing a line of average values. The
initial TSI levels were between 130-340% in all 3 groups.
and there was a gradual decline in TST in all patients.
During MMI treatment (Fig. 1), 8 of 13 patients reached
the normal range after 4,5, 8,9, 10, 11, 12, and 14 months
of treatment, respectively. In 2 patients, TSI became
positive again after 20 and 22 months. In 7 of 10 patients
on PTU (Fig. 2). initially elevated T'S! values rose further
during the early phase of treatment. Although such a
small group allows only tentative conclusions, the de-
layed response to ’T'U treatment probably resulted from
the initial dose of PTU (300 mg/day). On the other hand,
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the severity of the disease in the PTU-treated group may
have been more severe because the initial serum T, and
T, levels and the proportion of patients with goiter and
ophthalmopathy were higher in this group. After the
initial rise, the TSI titers decreased, reaching the normal
range after 5,8, 9, 14, and 14 months, respectively. Eleven
of 18 patients receiving PC (Fig. 3) also reached normal
TSI values after 2, 2, 4, 8, 10, 10, 12, 12, 15, 18, and 20
months, respectively; 1 individual developed positive val-
ues after 20 months. .

Statistical analysis of individual values did not show
any correlation between TSI leveis and serum T, and T,
concentrations or drug dosages. Figures 1 and 3 show
rapid normalization of the T, and T, levels, with sub-
normal T, levels after 2 months of MMI treatment and
after 1-4 months of PC treatment. In PTU-treated pa-
tients (Fig. 2), the decreases in T, and T, were later and
less pronounced because of the relatively low dose used,
as mentioned above. The fall in individual and average
values of T, and T always preceded the decreases in
TSI. Figure 4 shows that the group of late responders
(>20% decrease in the initial TSI elevation after 4
months of treatment) had higher T, and T3 concentra-
tions during the first 2 months of treatment, even though
the drug dosages were not different from those of early
responders (>20% decrease in TSI within the first 2
months of medication).

8 12 16 20 1
months
Discussion

A gradual decrease in antithyroid antibodies occurs &
the majority of patients with Graves' disease durg
treatment with thionamides (1-12). There has been »
creasing discussion as to whether this phenomenon s
caused by immunosuppressive properties of thionamidk
drugs (5, 8, 10, 13, 14). In vitro studies of lymphocye
activity provide support for this assumption (3, 13, 14
but were not confirmed by others (24, 25). This longits
dinal study was designed to obtain further informatim
concerning the presumed immunosuppressive actions
MMI and PTU by comparing their TSI-suppressive be
havior to that of the unrelated inorganic drug PC. It wa
striking, however, that the decreases in TSI activity a
serum were similar during treatment with PC and durix
treatment with thionamide. These findings have i
cations for the understanding of the interaction betwea
antithyroid drugs and autoimmune phenomena 7
Graves’ disease. Several possible mechanisms have to
discussed.

The decline in TSI activity in serum could refle
remission of the underlying immunological distu
(12). This theory could explain the persistence of TSI i
a minority of patients treated with either drug and i
disappearance in the others. If changes in TSI reflect
natural course of the disease, the decrease in TSI s
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fii. 2. Course of TSI in sera of 10 individual hvperthvroid Graves' patients during long term treatment with PTU (values above the shaded area
S are positive) and mean serum T, and T, values (the vertical bars represent the sn. and the shaded area depicts the normal range).
: be distributed over varying time intervals during treat- had any action on the antibody-forming system (1). More
. ment with antithyroid drugs. However, it is obvious from  recently. in vitro experiments have shown that MMI and

this and other studies that the onset of TSI decline is
similar in most responding patients; a pronounced fall in
- TSI and TDA usually occurred during the first 2 months
{1,3,5,7, 8, 10). A more rapid decline in TSI during the
first 2 months of therapy was related to lower serum T,
" and Ty in the early phase of treatment, indicating 8 more
. complete blocking effect on thyroid hormone synthesis.
. Furthermore, a decrease in TSI levels did not occur in
16 patients during 2 months of propranolol treatment
{3).

A general immunosuppressive effect of antithyroid
drugs is unlikely for several reasons. It would not explain
why antithyroid antibodies persist in some patients in
wite of treatment; moreover, a low dose regimen (1, 4,
8, 15) achieved virtually the same results as larger doses
(3,5, 6, 8, 10, 23). Since there have been no suggestions
- that PC has immunosuppressive activity, the findings
- during PC treatment do not support the existence of an
immunological action of antithyroid drugs as they are
used clinically. In addition, studies on mice immunized
with sheep red blood cells provided no support that MMI

PTU are capable of reducing the secretion of total im-
munoglobulin and MAb (5) or thyroglobulin antibodies
(14) by pokeweed mitogen-stimulated lvmphocytes from
patients with Hashimoto’s thyroiditis. However, whether
this effect occurs in vivo remains to be established,
hecause serum concentrations of MMI (26-28) or PTU
{29-31) are at least 10 times lower than the effective in
vitro concentrations, ie. 107% vs. 107! M (5, 13. 14, 24.
25).

Mc(Giregor et al. {5) postulated that the beneficial ef-
fects of thiunamide drugs in Graves' disease depend on
their immunosuppressive action upon lymphocytes ac-
cumulated in the thyroid gland. This concept is based on
the findings of McLachlan et ol. (32) that lymphocytes
from the thyroid glands of Hashimoto patients were
capable of synthesizing MAb in larger amounts than
peripheral lvmphocytes. Such specific production by in-
trathvroidal lymphocytes was recently shown by the
same authors for thyroglobulin antibodies from Hashi-
moto's (33) and Graves' thyroid preparations (34).
Thionamide concentrations in the thyroid are about 10-
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Fic. 3. Course of TSI in cera of 18 individual hyperthyvroid Graves® patients during long term treatment with PC (values aben ¢ the cheded orm
are positive) and mean T, and T values (the vertical bars represent the si. and the shaded area depicta the normal range).

fold higher than those in serum (35, 36), close to the
concentrations shown to be immunosuppressive in vitro
(5, 14). The possibility of inhibition of lymphocvytes in
the thyroid by thionamides is supported by the observa-
tion of reduced lymphocytic infiltration of the thyroid
during CBI treatment (37) and by a fall in thyroid-
specific TDA (with persisience of gastric parietal cell
antibodies) during treatment with CBI in Graves’ disease
(38).

The concept of intrathyroidal immunosuppression of
lymphocytes by thionamide drugs would have been sup-
ported by an opposite result of this study, i.e. persistence
of elevated TSI levels during therapy with PC. Presum-
ing that intrathyroidal lymphocytes are responsible for
thyroid antibody production, one could speculate that
selective accumulation of PC in the gland has toxic
effects on these lymphocytes, and that thionamides have
the same action. Unfortunately, no data are available
concerning PC concentrations in the thyroid gland. In-
direct evidence may be derived from (he results of I'C
discharge tests, where PC is capable of displacing up to
96.676 of radioactive indine during CRI treatment (39).
Considering that at least one I'CC ion is necessarv for

66 WENZEL AND LLENTE JCF & M-

\el - N '

4

i

1Y

.

@ {

S »
L7

t‘ »
c

m ‘
x
>

0.: [}

< )

)

}

S )
~
o
2

0 ol
0 ¢ 8 16 20 2

displacing one iodine ion, and that the molar weights o
PC and iodine are similar, one may calculate from the
iodine content of normal thyroids in Germany (40, 41)x
concentration of about 40 mg PC/g thyroid (~0.5 x 10°
M). This concentration strikingly corresponds to prelim
inary in vitro resuits where PC concentrations lower tha
5 x 1072 M did not affect the viability of lymphocytes s
judged by trypan blue exclusion. On the other hand
thionamides, whose maximal intrathyroidal concentrs
tions are 10™* M (35, 36), would not achieve concen
tions sufficient to produce a toxic action upon lym
cyvtes in vitro that require 107 M (5, 14).

Moreover, PC as well as MMI and PTU must
located mainly in the follicular cells. Those
are, therefore, remote from the clusters of lym
and interaction with them seems somewhat unli
Furthermore, accumulation of MMI in intrat -
Ivmphocytes was recently excluded (42). Taken
these resuits do not support the theory that antith
drugs have an immunosuppressive action on int
roidal lymphocvtes; if there is any such action. it
be a toxic one depending on local drug concentration.

Another mechanism could be that both drug t
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FiG. 4. Mean serum T, and T, levels during antithyroid trestment with MAIL. PTU. or PC. Group A represents early responders. with a more
than 20% fall in serum TSI values within 2 months of treatment; group B represents late responders, with a more than 20% fall in TSI only aRer

4 months of therapy. Serum T, and T levels in group A were significantly lower after 2 months of treatment, whereas drug dosages at 2, 4, and
12 months after the commencement of therapy were similar in groups A and R.

cover antigenic sites, thus reducing antigen availability.
This possibility may be supported by the findings that
PTU and PC both inhibited the binding of TSH to bovine
thyroid membranes at concentrations of 107*-10"" M,
whereas lower concentrations had stimulatory effects
(43).

Finally, and most likely, the decline in TSI activity in

- serum could be due to the restoration of immunological

regulation as the patient becomes euthyroid again (44).
Current understanding of autoimmune responses as-

~ sumes that humural antibodies result from a disturbance

in lymphocyte immunoregulation (45). Animal experi-
ments have shown that hyperthyroidism itself also re-
sults in diminished T suppressor lymphocyte function,
thus tending to be a self-perpetuating factor (46). When
the tendency for normalization of the abnormal suppres-
sor function after treatment (47-49) is taken into ac-
count, it would appear that the hyperthyroid state itself
slters immune function. Abnormal lymphocyte responses
in patients with Graves' hyperthyroidism returned to
normal when the patients became euthyroid (50), al-
though some reports were not confirmatory (51, 52). The

evaluation of lymphocyte subsets in hyperthyroid
Graves' patients revealed a decrease in T suppressor
cells, which was partly abolished after achievement of
euthyroidism by PTU treatment or radioiodine therapy
(53). Using an automated cell sorter, a qualitative, but
not quantitative, abnormality of T suppressor cells was
found during hyper- or hypothyroid states in patients
with autoimmune thyroid disorders (54). Diminished
splenic T suppressor cell counts in hypothyroid rats were
normalized by T,; however, experimental hyperthyroid-
ism did not cause a change, perhaps due to the very short
duration (17 days) of Ty-induced hyperthyroidism (55).
A recent report described an inverse correlation between
T, lvmphocytes and thyroid hormone levels in Graves’
patients, in so far as hyperthyroid patients with or with-
out antithyroid medication (presumably thionamides)
had diminished counts, while euthyroid patients receiv-
ing antithyroid medication or in remission had normal
counts. Although it is not yet clear whether T, lympho-
Tytes have mainly cytotoxic or suppressor cell properties,
these results support the view that thyroid hormone
levels alter lymphocyte populations and properties (56).
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" " The present study, of course, does not provide direct 1982 Fvidence of correlation between thyrotropin receptor binding
| . . . . inhibition and thyroid adenylate cyclase activation by imswune-
{ support for the possible mﬂuenge of the hyperthyroid globulins in Graves’ disease before and during long-term antithy-
’ state on the immune responses, in part because nonre- roid treatment. Acta Endocrinol (Copenh) 101:35 .
- sponders with respect to TSI decrease were also main-  1° Eﬁﬁhp'fspﬁ'ﬁg?;ﬁrm ‘09’?‘:;::‘0“;":: r:';;::":;“':" “"'1: 'l'd'm::
. . R . . 13 yroi i ing immunoglobuti
tained in a euthyroid state. {A subgroup of ellght patients Graves' disease. Clin Endocrinol (Oxf) 13:417
with a distinct syndrome of low T, and high T, levels 11. Karlsson FA, Dahiberg PA 1981 Thyroid stimulating antibodies
has been recorded separately (23).] However, it can be (TSADb) in patients with Graves’ disesse undergoing antithyrod
| seen from Figs. 1-3 that in all three groups of thionamide ?{;%‘:::.%em' indicators of activity in disease. Clin Endocrind
or PC-treated patients, a decrease in the mean serum I’ 12 Mareocei €, Chiovato L, Mariotti S, Pinchera A 1982 Changes of
| and T, levels preceded the fall in TSI; such were also the g;;‘ﬂ;‘::::l'I“nyv":::’;“‘s"‘“"wy levels during and after therapy.J
’ individual changes. _Simxlar patterns were reported by 13 \Call JR, Manswar GL. Greenwood DM, Walters BA 1976 The in
others (2, 3, 10). Figure 4 demonstrates that patients vitro suppression of lectin induced *H-thymidine incorporstion inte
with a more rapid decrease in TSI had concomitantly DNA of peripheral blood lymphocytes after the addition of propyt

ed d . T dT thiouracil. J Clin Endocrinol Metab 43:1406
‘ more pronounc ecreases in serum {4 and 1. 14. Weiss I, Davies TF 1981 Inhibition of immunoglobulin-secreting
In conclusion, the findings during PC treatment do cells by antithyroid drugs. 4 Clin Endocrinol Metab 33:1223

not confirm the theory of either a general or an intrathy- 15 Wenzel KW, Wunderlich H, Wenzel BE 1982 Thyroid-stimulstiag

. . . . . . immunoglobulins (TSI) in Graves' disease during trest ment with
roidal immunosuppressive action of thionamide drugs, thionamide drugs or perchlorate. Acta Endocrinol [Suppl] (Ce

although an intrathyroidal toxic effect of both thionam- penh) 246:64

ides and PC cannot be completely excluded. While not !0 Kruskemper HL 1960 Nebenwirkungen thyreostatischer Arzneim-
. t likely that torati f th _ ittel. Internist (Berlin) 9:437 ] .

proven, 1t seems most likely that restoration ot the 17. Crooks J, Wayne EJ 1960 A comparison of potassium perchlorate,

euthryoid state by the blocking effect on hiosynthesis of methylthiouracil, and carbimazole in the treatment of thyrotost

thyroid hormones is the cause of the decreasing TSI cosis. Lancet 1:401

. . . X . 18. M M WR 1 Potassi i
levels during antithyroid drug therapy in many patients. toxianais. BFM-::IO.;‘:{)BG 960 ium perchlorate in thyre

In some patients, the defect in immunoregulation may 19. Stockle G, Wahl R, Seif FJ 1981 Micromethod of human thyrocyw
be so severe that restoration of a euthyroid state makes cultures for detection of thyroid-stimulating antibodies and thy

<) : tropin. Acta Endocrinol (Copenh) 97:369
no substantial difference in the TSI levels. 20. ;::p;a Well JR, s:';,:u(”m,';,)lm“huﬁm and charsctes-

zation of mononuclear cells from various thyroid tissue specimems.

Life Sci 32:55
References 21. Etienne-Decerf J, Winand RJ 1981 A sensitive technique for d

1. Pinchera A, Liberti P, Martino E, Fenzi GF, Grassa L, Rovis L, termination of thyroid-stimulating immunoglobulins (TSI} in w-
Baschieri L. 1969 Effects of antithyroid therapy on the long-acting fractionated serum. Clin Endocrinol (Oxf) 14:83
thyroid stimulator and the antithyroglobulin antibodies. .J Clin 22. Seif FJ, Stockle G 1981 What is the prevalence of thyroid-stime
Endocrinol Metah 29:231 lating antibodies in hyperthyroid Graves' disease? Ann Endocrine

2. Schleusener H, Finke R, Kotulla P, Wenzel KW, Mcinhold H, (I'ans) 42:35A
Roedler HD 1978 Determination of thyroid stimulating immuno- 23. Wenzel KW, Lente JR 1983 Syndrome of persisting thyroid-stis-
globulins (TSI) dunn; the course of Graves' disease. A reliable ulating immunoglobulins and the growth promotion of goiter com
indicator for remission and pemstence of this disease? J Endocri- bined with low thyroxire and high triiodothyronine serum leves
nol Invest 1:156 in drug treated Graves' disease. J Endocrinol Invest, in press

3. Fenzi GF, Hashizume K, Roudeboush CP, DeGroot LJ 1979 24. Hallengren B, Forsgren A, Melander A 1980 Effects of antithyrod |
Changes in thyroid-stimulating immunoglobulins during antithy- drugs on lymphocyte function in vitro. J Clin Endocrinol Metsh §.
roid therapy. J Clin Endocrinol Metab 48:572 51:298 -t

4. Kuzuya N, Chiu SC, Ikeda H, Ushimura H, Ito K, Nagataki S 1979 25. Finke R, Wenzel B, Goeber R, Schieusener H 1982 Einflisse v LP
Correlation between thyroid stimulators and 3,53’ -triiodothyro- Methimazni und Propylthiourazil auf Lymphozyten-Populstiosss.
nine suppresaibility in patients during trestment with thionamide In: Scriba PC, Rudorff KH, Weinheimer B (eds) Schilddrase 1981 |-
drua. comparison of assays by thyroid-stimulating and thyrotro- Georg-Thieme-Veriag, Stuttgart, p 479 3

pin-displacing sctivities. J Clin Endocrinol Metab 48:706 26. Skellern GG, Knight Bl, Low CKL, Alexander WD, McLarty DG,

5. McGngot AM, Petersen MM, McLachlan SM, Rooke P. Smith Kalk WJ 1980 The pharmacokinetics of methimazole sfter ecd
BR, Hall R 1980 Carbimazole and the autoimmune response in administration of carbimazole and methimazole in hyperthyreid
Graves' disease. N Engl J Med 303:302 patients. Br J Pharmacol 8:137

6. Docter R, Bos G, Visser TJ, Hennemann G 1980 Thyrotropin 27. Dahlberg PA, Karlsson FA, Lindstrom B, Wide L 1981 Studies o
binding inhibiting immunoglobulins in Graves’ disease before, dur- thyroid hormone and methimazole levels in patients with Graww' §.-
ing and after antithyroid therapy, and its relation to long-acting disease on a standardized anti-thyroid drug regimen. Clin Endo §
thyroid stimulstor. Clin Endocrino) (Oxf) 12:143 crinol {Oxf) 14:585 -

7. Teng CS, Yeung RTT 1980 Changes in thyroid-stimulating anti- 28. Hallengren B, Nilsson OR, Karlberg BE, Melander A, Tegler L,
body in Graves’ disease treated with antithyroid drugs and its-—~  \Wahlin-Boll E 1982 Influence of hyperthyroidism on the kinetis
relationship in relapse: a prospective study. J Clin Endocrinol of methimazole, propranolol, metoprolol and atenolol. Eur J Cia
Metab 50:144 Pharmacol 21:379

8. Bliddal H, Kirkegaard C, Siersbaek-Nielsen K, Friis T 1981 Prog- 29. Melander A, Wahlin E, Danielsen K, Hunson A 1377 Bicavailahi-
nostic value of thyrotropin binding inhibiting immunoglobulins ity of propylthiourscil: interindividual vanation and influence d
(TBIl) in longterm antithyroid treatment, "1 therapy given in food intake. Acta Med Scand 201:41
combination with carbimazole and in euthyroid opthalmopathy. 30. Kampmann JP, Hansen JM 1981 Clinical pharmocokinetics o
Acta Endocrinol (Copenh) 98:364 antithyroid drugs. Clin Pharmacokinet 6:428

9. Bliddal H, Bech K, Petersen PH, Siersbaek-Nielsen K, Friis T 31. Cooper DS, Saxe VC, Meskell M, Maloof F, Ridgway EC 198




ding

PERCHLORATE, TIHONAMIDES, AND TSI

Acute effccts of preopyvithuouracd (17FU on thy rordal wodhide oegan
ification and penipheral aodothveonine dewdimations correkation
with serum 171'U levels mensured by indiounmunasssay 1 Chin
Enducrinol Metal) 51101

12. McLachlan SM, McGregor AM, Smith BRR, Hall R 1979 Thyroid
antibody synthesis by Hashimoto thyroid |y mphocytes. Lancet
1:162

3. Weetman AP, McGregor AM, Lazarus JH. Hall R 1982 Thyroid
antibodies are produced by thyroid-derived lvmphocytes. Clin Exp
Immunol 48:196

U. McLachlan SM, Dickenson AM, Fawcett J, Malcolm A. Proctor S,
Young E 1982 Autoantibody synthesis by thyroid lvmphuocytes.
Ann Endocrinol (Paris) 43:64A

35. Marchant B, Alexander WD, Lazarus JH, Lees J, Clark DH 1972
The accumulation of *S-antithyroid drugs by the thyroid gland. .J
Clin Endocrinol Metab 34:847

3. Lazarus JH, Marchant B, Alexander WD, Clark DH 1975 ™S.
antithyroid drug concentration and organic binding of iodine in
the human thyroid. Clin Endocrinol (OxD 4:609

37. Beck JS, Young RJ, Gray ES, Nichol AG, Pegg CAS, Michie W
1973 Lymphoid tissue in the thyroid gland and thymus of patients
with primary thyrotoxicosis. Br J Surg 60:769

A McGregor AM, Smith BR, Hall R, Collins PN, Botazzo GF. Peter-
sen MM 1982 Specificity of the immunosuppressive action of
carbimazole in Graves' disease. Br Med J 284:1750

1. Hilditch TE, Horton PW, McCruden DC. Young RE, Alexander
WD 1982 Defects in intrathyroidal binding of iodine and the

- perchlorate discharge test. Acta Endocrinol (Copenh) 100:237

40. Leisner B, Kantlehner R, Igl W, Heinze HG, Lissner J 1980 Die
quantitative Fluoreszenzazintigraphie in der Gchilddrusendiagnoes.
tik. Nuklearmediziner 1:249

1. Reinwein D, Durrer HA, Meinhold H 1981 {odine, thyraxine,
trilodothyronine, 3.3°,5 -triiodothyronine, 3,1’ -diiodothyronine in
normal human thyroids. Effect of excessive iodine exposure. Horm
Metab Res 13:456

42 Shewring GS, Lazarus JH 1983 The accumulation of ™S-methi-
mazole by human and rat lymphocytes. Acta Endocrinol (Copenh)
102:68

4. Sato A, Zakarija M, McKenzie JM 1977 Characternistics of thyro-
tropin binding to bovine thyroid plasma membranes and the influ-
ence of human IgG. Endocr Res Commun 4:95

69

Vol )RO1958 The pathogenesit of Graves' disease: an oveniew
Chin Endocrinol Metab 7:3

15 Strakosch CRO Wenzel BE, Row VY, Volpe R 1982 Inimunalogy of
autenmmune thyroid diseases. N Fngl ] Med 107:1499

46, Aokt NL 'innemaneni KM, DeGroot LJ 1979 Studies on suppressor
cell tunction in thyroid diseases. J Clin Endocrinol Metab 48:803

Balazs C. Leovey A, Szabo M, Bako G 1980 Stimulating effect of

triindothvronine on cell-medisted immunity. Eur J Clin Pharmacol

1719

48. Okita N. Row V'V, Volpé R 1981 Suppressor T-lymphocyte defiency
in Graves disease and Hashimoto's thyroiditis. J Clin Endocrinol
Metah 52:528

49. Hallengren B, Forsgren A 1982 Suppressor T-lymphocyte function

~—inGraves disease. Acta Endocrinol (Copenh) 101:354

50. Wall JR. Rvan EA 1979 Leukocvte migration inhibitory factor
(MIFY production in response to bacterial and fungal antigens in
patients with Graves’ hyperthyroidism, possible evidence for gen-
eral suppressor cell defiency. In: Pinchera A, Doniach D (eds)
Proceedings of the Internationa! Symposium on Endocrine Disor-
ders. Academic Press, London, p 235

51. Maclean DB. Miller KB, Brown R, Reichlin S 1981 Normal
immunoregulation of in vitro antibody secretion in autoimmune
thyroid disease. .J Clin Endocrinol Metab 53:801

52. Weetman AP. McGregor AM, Rennie DP. Hall R 1982 Thyroid
hormones fail to influence experimental autoimmune thyroiditis.
Clin Exp Immunol 50:51

53. Scridama V', Pacini F, DeGroot LJ 1981 Enumeration of T-cell
subsets using monoclonal antibodies: decreased percentage of sup-
pressor T-cells in Graves' and Hashimoto's disease. Ann Endoerni-
nol (Paris) 42:29A

A Iwintam Y, Amino N, Mori H, Asan 8, [zumiguchi Y. Kumahara
Y. Mivai K 1982 T-Lymphocyte submets in sutoimmune thyroid
diseasex and subacute thyroiditis detected with monoclonal anti-
bexdies. .J Clin Endocrinol Metab 56:251

55. Pacini F, Nakamura H, DeGroot L.J 1982 Effect of hypo- and
hyperthyroidism on helper and suppressor T-lymphocytes in rats.
Ann Endocrinol (Paris) 43:65A

56. Mori H, Amino N, Iwatani Y, Asan S, lzumiguchi Y, Kumahara
Y. Mivai K 1982 Decrease of immunoglobulin G-Fe receptor-

bearing T-lymphocytesin Graves’ disease. J Clin Endocrinol Metab
55:399

4.



=

|

-a
Al

moludin

[

J Endocringt Invest 9 201. 1986

Treatment of amiodarone associated
thyrotoxicosis by simultaneous administration of
potassium perchlorate and methimazole'

E. Martino*, F. Aghini-Lombardi®, S. Mariotti*, M. Lenziardi®, L. Baschieri*®,

L.E. Braverman***, and A. Pinchera*

*Catledra di Endocrinologia e Medicina Costituzionale, **Clinica Medica 2, University of Pisa, 56100 Pisa.
ltaly, and "**Department of Medicine, University ol Massachusells Medical School, Worcester. MA, USA

ABSTRACT. Amiodarone iodine induced thyrotoxicosis occurs frequently in patients residing in
areas of mild iodine deficiency and in patients with preexisting goiter. Drug therapy of the
hyperthyroidism is ohten unsuccesstul. Twenty-three patients with amiodarone induced thyrotox-
icosis were either not treated, treated with 40 mg methimazole daily or with methimazole and 1 gm
potassium perchlorate daily for up to 40 days and then with methimazole alone. Thyrotoxicosis
was more likely to spontaneousiy remit in patients without goiter. Therapy with methimazole alone
was vnsuccessiul in inducing euthyroidism in S patients with goiter. However. combined therapy
with methimazole and potassium perchlorate rapidly alleviated hyperthyroidism in almost alli
patients with goiter. This drug combination is successful because perchlorate inhibits the active
transport of iodine into the thyroid and methimazole blocks the intrathyroidal synthesis of thyroid
hormones.

INTRODUCTION tion {19-23). ihe frequently observed low thyroid radio-
Amiodarone. a benzoluranic derivalive containing 37 5 wodine uplake prevents the use of radioactive iodine
mg of iodine per 100 mg of active drug. is widely used ('3'1) and thyroidectomy is often too dangerous to be
for the treatment of tachyarthythmias and ischemic considered in cardiac patients with uncontrolied thyro-
heart disease and has a prolonged hall life of approxi- loxicosis Recently Wimptheimer et al. (20) reported
mately 3-4 months (1-7). This drug inhibils the outer that the administration of prednisone with carbimazole
ring. 5'-deiodination, of iodothysonines resulting in an did control the hyperthyroidism in two patienls with
increase in secum T, concenlrations, a decrease n AAT. The present study describes our experience with
serum T, concenlralions and an increase in serum various antithyroid drug regimens in a large number of
reverse T, conceniralions (8-13). Furthermore, some patients with AAT and suggests that the combination of
patients treated with amiodarone develop clinical and perchlorate and methimazole is elficacious in the
biochemical.evidence of iodine induced hyperthyroi- ireaiment of AAT in patients with goiters.

dism or hypothyroidism (3, 5, 6. 14-18). Amiodarone

associated iodine induced thyrotoxicosis {AAT) s MATERIALS AND METHODS

more frequently observed in areas of mild iodine defi- Pauents

ciency (Continental Europe) than in areas of sullicient Studies were carried out in 23 patienls with AAT (13
iodine intake (USA and UK) (18). AAT is often a serious males. 10 lemales, aged 32-77 yr) residing in West
complication since it develops in patients with cardiac Tuscany. ltaly, a region of mild iodine deliciency. They
disorders and because its reatment has thus tar been had received long-term treatment with amiodarone
disappointing. {mean 17 months, range 4-60 months) at a dose of
This represents a difficult clinical challenge. Thioham- 1000-2800 mg s week for lachyarrhylthmias or ischemic
ide drug therapy is generally less efleclive in this condi- heart disease Twenty patients were found to be hyper -

thyroid during amiodarone administralion and amioda-
rone was discontinued when the diagnosis was estab-

' Supported by Grant of CNR Rome lialy 3nd Dy Grant AM- 18918 from NIAMDO lished. AAT appeared 2:3 months alter withdrawal of

»art Bethesds, MO the drug in the other 3 patients. The diagnosis of hyper-
R . thyroidism was established in ali patients by the finding

Key -words one . e oerchioratc Pyperihy. . .. .
roiaem of anelevated free T, index (FT3I) and clinicai manifes-
Conespondence Prol Emo Matno Associate Protessor of Er\.uw-\uoqv Um tations of thyrotoxicosis including weight loss. sweat-
versty of Prsa Ve Oet Tereno 64. 56018 Tareria (Pisa) May ing. nervousness. iremor and increasing heart rate
- Recered Seplember 20. 1985 sccepicd March 21 1986 despite amiodarone administration. Nine patients with
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hyperthyroidism were followed monthly tor 6-10
months without antithyroid drug therapy (Group A) The
remaning 1 4 patients were divided into two groups Six
patienis were given 20 mg methimazole (MMi) twice
daily (Group B) Since this proved o be ineflective in
inducing euthyroidism, 8 subsequent palients were
given the same dose o! MMI and potassium perchio-
rate {KC10,). 1 0 g/daily (Group C). Two patienis in the
lalter group had been unsuccessiully treated with MMI
(40 mg/day) and predmisone (60 mg/day) for one
month KCI0, was withdrawn as soon as the palients
reached the euthyroid state and in no casc was the
drug continued for more than 40 days. Patients recerv-
ing KCI0, were monitored with complete blood counts
and unnatysts.

Biochemical Studies

Totat T, (TT,) and total T, (TT,) were assayed by RIA
using commerCial kits (T, RIA and T, RIA Kits ARIA I,
Becton Dickinson Laboratory System, Midan. ialy), iree
T.index (FT,lyandree T, index (FT,l) were calculated
as Ihe product of the T, resin uptake (Trilule Kit. Miles
ltahana Sp A Ames Division, Milan, ltaly} and the TT,
and TT, respectively: serum thyrolropin (TSH) was
assayed by a commercial kit {Byk-Mallincrodt SpA .
Mitan, italy) Anlithyroglobulin and antimicrosomal an-
hbodies were delermined by passive hemaggiutination
(Thyroid Test Kit and Microsome Test Kil. Fupzok
Pharmaceutical Co.. Tokyo. Japan). The urinary excre-
tion of iodine was measured by the moditied method of
Zak using an autoanalyzer Technicon apparatus (24).

Table 1 - Baseline studies in patients with amwodarone odine induced thyroloxicosss (AAT)

Recewving
armodarone
Patient at time T, TT, TSH Thyroid
no  Age/sex of dx (wg/an {ng/al) FT4t FT3 @w/mh  AbTg AbM  Examunaton
Group A
1 56 F Yes 157 321 230 471 <05 neg neg  Normai
2 68 F Yes 1.0 450 149 450 <05 neg neg Normal
3 77 M Yes 170 289 160 271 <05 neg neg  Normal
4 39 F Yes 213 259 261 218 <05 neg neg. Normal
5 73 M Yes 172 410 188 447 <05 neg 11,600 Normal
6 46 M Yes 159 255 167 268 <05 1100 125600 Ddfuse gotter
7 50 F Yes 127 234 120 223 <05 neg. neg.  Multinoduiar godes
8 68 M Yes 270 203 383 288 <05 neg neg  Mullinodular gorer
9 44 F Yes 122 345 137 379 <05 neg neg  Multinodular godter
Mean 1 SE 167116 3073+274 199+27 3461+309
Group B
10 44 M Yes 174 284 231 378 <05 neg neg  Normat
1 36 M Yes 305 217 396 363 <05 neg. neg.  Diftuse goder
12 58 F 3 270 450 270 450 <05 neg neg. Diffuse goder
13 52 M Yes 140 293 172 359 <05 neg neg. Multinodular goster
14 70 M Yes 110 294 180 482 <05 neg neg  Multinodular goiter
15 61 F Yes 209 226 307 331 <05 neg neg.  Multinodular goiter
Mean 1 SE 201131 3041309 259+34 3938124
Group C
16 32 M Yes 131 356 177 485 <05 neq neg. Normal
17 59 M 3 254 306 362 429 <05 neg neg. Normal
18 47 M _Yes 176 466 250 662 <05 11100 1:6.400 Dituse goder
19 62 F 2° 165 249 207 312 <05 neg 16,400 Diftuse godter
20 57 M Yes 300 349 366 437 <05 neg neg  Multinodular goiter
21 5 M Yes 214 390 230 418 <05 neg neg. Multinodular godter
22 54 F - Yes 155 215 216 300 <05 neg neg.  Multinodular goder
23 Ss6 F Yes 147 266 187 338 <05 neg neg.  Single hol notkse
Mean+ SE 193+21 3R46+291 249426 42261414
Normai 100-210 4-11 100-208 05-38

42-120

“Number of months ot ameodarone at time of ragnosss of AAT
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ODiagnosis of Amiodarone Associated Thyroloxicos:s
Since TT, and FT 1 may be elevaled and TT,and FT |
are always normal or low in eulthyroid palients chrom -
cally treated with amiodarone (9. 11, 18).1he diagnosis
of AAT was made on the basis of elevated serum TT,
and FT,i and undeteclable serum thyrotropin (TSH)
concentrations i the presence of clinical evidence ol
hyperthyroidism (18). The uninary rodine excrelion was
high in all subjecls al the ime ol diagnosis, ranging
from 70010 4500 ug iodine /g creatimine Unnary iodine
excretion in normal, euthyroid subjects residing in West
Tuscany. italy, and not receiving iodine containing
drugs averages 77.8ugiodine/g creatinine (range 55-
130).

Statistical Analysis

Comparisons between the mean serum 7T FT L. TT,
and FT,l concenlrations were made by analysis ol
variance (ANQOVA). Elsewhere, the Fisher exact proba-
bility test (25) was used.

RESULTS

Baseline Studies and Thyrod Examination (Tabie 1)
Multinodular goiter was present in nine, a diftuse goiter
in five, uninodular goiter in one, and an absence of
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Fig 2 - Senal FT 0 and F Ty values in 6 pairents with amioda-
tone assoc:ated thyrotoxicosrs lrealed with methimazole
Closed and open cucles repeesent palients with or without
underlying thyrod disease, respectively. The shaded bars
represent ihe normal ranges lor FTo and FT

delectable goiter in eight of lhe 23 patients with AAT at
the time of diagnosis. Four palients had positive anti-
microsomal anlibodies. suggesting undertying auto-
immune thyroid disease. The patients were all clinically
thyrotoxic and serum TT, was elevated in all except 1
patient while FT,l was elevaled in all 23 patients. Al-
though serum TT, or FT,] were elevated in all patients,
these thyroid function tests may aiso be elevaled in
euthyroid patients receiving amiodarone (8-13). There
was no significant difference in mean serum TT, FT I,
TT, and FT,l values in the 3 groups.

The Course of Thyroid Function in Unltreated Patients
(Group A. Fig. 1)

Following the diagnosis of AAT, amiodarone was dis-
continued in all 9 patients in this group. The 4 palients
with goiter were still hyperthyroid 6-7 months later
while the 5 patients without goiter {one of whom had
positive antimicrosomal antibodies, patient no. 5) be-
came chnically and biochemically euthyroid within 2-4
months (Qonte vs nongoiter, remission < 4months, p<0.01).
The Ellect ol MMI Therapy (Group B. Fig. 2)

in spite of the administration of MMI (40 mg daily),the S
patients with goiter remained clinically and biochemi-
cally hyperthyroid during the time they were observed
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Fig. 3- Seral FT J and F T4l vaiues in 8 patients with amioda-
rone assocaied thyroloxic 0s:s trealed with methimazole pius
KCl0,. The duration of KCIO, therapy is represenied by the
solid lines. The dolled lines represented values alter KCIO,
was discontinued. The 2 palients without underlying thyrond
disease (o) did not receive any additional aniihyrold drug
therapy, while paltienis with underlying thyrod disease (@)
required 5-20 mg/methimazoie daily 10 mantain the eulhyrod
state.

on therapy (3 patients, 3 months and 2 patients, 6
months). The oniy patient in this group without goiter
and with negative antibodies became euthyroid after 3
monlhs of therapy (patient no. 10).

The Ellect ol Combined MMI! and KCIO, Therapy
{(Group C, Fig. 3).

Urinary todine (g i/gm Creatinine)

in 7 patients. combined therapy with MM! (40 mg daily)
and KCI0, (1 g darly for 16-36 days) resulted in a rapd
fall of serum FT,1 and FT,l into the normal range and
the restoration of chnical euthyroidism within 16-36
days alter therapy was instituted Included in this group
were 2 patients (no 17 and 22) who failed 1o respond to
a previous one month course of therapy with predni-
sone and MMI The excellent therapeutic response
occurred in patients with or withoul gotter. in the re-
maining patient in this group (no 21). thyrotoxicosis
persisted for 40 days at which time KCI0, was discon-
tinued because of mild neutropenia but MM! was con-
unued This patienl became eulhyroid three and one-
hall months later. Thus, five of 6 patients with goiler
treated with MM1 and KCI0, became euthyroid within
36 days of the institution of therapy while no patient with
gouter lreated with MMI alone became euthyroid belore
3 months (p < 0 01).

Alter KCIQ, was discontinued, the two patients (no. 15
and 17) without goiter and with negalive anlibodies
remained euthyroid for al least 2- 4 months without MM!
therapy. In contrast. the 6 patients with goiter required
5-20 mg MMI daily to maintain the euthyroid state
duning the period of observalion. In three of these pa-
uents, MMI was discontinued along with KCI0, and
thyrotoxicosis recurred within 2 to 3 weeks requiring
the reinstitution of MMI therapy. The remaining three
palients were maintained conlinuousty on MMI.
Sequential measurements of urinary iodine excretion
immediately prior 1o and during antithyroid drug ther-
apy were carried out in 6 patienls receiving MM and
KCI0, and in 2 palients receiving MM! alone. Urinary
1odine excrelion progressively decreased in all patienis
receiving combined drug therapy. reaching normal
values in five of the 6 patients by 1 o 3 months of
therapy and decreasing markedly in the reamang pa-
tient (Fig. 4). loogine excretlion in five of these patients
transiently increased belween 2 and 15 days after
combined therapy was instituted. In contrasl, urinary
iodine excretion remained elevated in both patients

Fig. 4 - Serial values of urmary odine
excreiron expressed as ug odine:g
creatimvine n 6 patients with amids-
rone associated thyroloxicos:s lreat-
ed with methimazole plus KCI0, The
6 different symbols represent indmg-

Days TIME

8 val patenis ULN is upper kot ol -
Months dmne excretion in noimal subyects




trealed with MM aione After 6 months of therapy.
urinary odine excretion was 325and 1000ugodine /g
creatinine in these 1wo patients

Except for mild transient leukopenia in one patient and
mild transien! epigastric dislress in 3 patients. no ad-
verse side elfects were observed in the 8 paenls
treated with KCIQ,

DISCUSSION

In the present sludy. the course ol AAT lullowing with-
drawal of amiodarone was evaluated n patients not
receiving antithyrod drug therapy and in those treated

. with 2 different anlithyroid drug regimens. The course

of the patients with AAT who did not receive anlithyrod
drugs is similar lo that reported by others (19, 20. 22).
suggesting that AAT may sponlaneously remit within a
few months in some patients. However, it should be
emphasized that this remission does not occur in all
such patients. In addition. our study indicates that the
coexistence of underlying thyroid disease adversely
atfecls the natural history ot AAT. Thus. four of the 5
untréated patients who became euthyroid 2-4 months
after diagnosis had no apparent underlying thyroid dis-
ease. while all tour patienis with goiter remained thyro-
toxic for at least 6-8 months.

The results obtained in Ihe six patients with AAT treated
with high doses of MM are in agreement with previous
observalions. suggesting that this type ol thyrotoxico-
sis is relatively resistant 10 thionamides (19-23). Five
patients, all with underlying thyroid disease, lreated
with 40 mg MM daily remained clinicallty and biochem-
ically thyroloxic lor 3-6 months. The one patient in this
group who became eulhyroid after 3 monlhs of MMI
therapy had no evidence of coexistent thyroid disease,
suggesling the possibility of a spontaneous remission
rather than a specific effect of MM therapy.

It has been reported that the administration of predni-
sone with (20) or without (23) carbimazole induced a
rapid remission ol AAT. In the present study, this com-
bined therapy was ineffective in 2 patients. The reason
for this discrepancy is unclear. Further studies with a
larger number of patients are required in order 1o de-
termine the effectiveness of thionamide and cortico-
steroid therapy in patients with AAT.

Potassium perchlorate depresses thyroid hormone
synthesis by compelitively inhibiting iodide uptake by
the thyroid gland. This drug was used in the 1950's for
the treatment of hyperthyroidism (26, 27). The use of
this anion in combination with MMI had been advocat-
ed for thyrotoxicosis (28). However, prolonged admin-
istration of KCIO, was subsequently abandoned since
severe loxic reactions such as latal aplastic anemia
and nephrotic syndrome were accasionally observed
(29. 30). These severe complications were almost
always associated with large doses of KCI0, (more
than 1 g daily). However, daily doses of 1 g or less have
recently been reported 1o be successtul in the long-
lerm treatment ol Graves' disease without serious side
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effects(31) In the present study. we considered that
the polental risk ol severe AAT in cardiac patients
justified a shori-termtrial of KCIQ, therapy (1 g datly for
a maximum of 40 days) under very carelul hemalologic
and unnary monitoring Excepl lor 1 palient with tran-
sienl neutropenia, no side effects of KCIQ, were ob-
served. All but one of the 8 patients who recewed
combined MMI and KCIQ, therapy rapidly became eu-
thyrord by chmical and brochemical parameters within
2-4 weeks of the institution of therapy. The decrease in
serum thyroid hormone concenltralions was simdar in
patients with or withoul evidence of undertymg thyroid
disease Follow-up sludy after withdrawal of KCIOQ,
suggests that the patients without apparent coexistent
thyroid disease remained eulhyroid without further
treatment, while thase patients with goiter, with or with-
oul positive thyroid antibodies, required low doses ol
MMI to maintain the euthyroid state. The present find-
ings sugges! that the shorl-lerm administration of
KCI0, reduces the prolonged refracloriness to thio-
namides observed in many patients with AAT treated
with MMI alone

The mechanism of the synergistic action of KCIQ, with
MMI in the therapy of AAT remains unclear. KCIO,
could exert its action by inducing a rapid depletion of
excess inlrathyroidal iodine whose organification is
blocked by the concomitant administration ol MM!.
KCI0, would aiso block further entrance of iodide into
the thyrowd since it is a polent inhibitor of the aclive
transport of iodide fiom plasma into the thyrod. In
keeping with this concept was the frequently observed
rapid increase in urinary excretion followed by a pro-
gressive decrease in patients treated with MM! and
KCI0,. This is in contrast with the persistently high
urinary iodine excretion ocbserved in the two patients
treated with MMI alone. Although the mechanism by
which amiodarone induces thyrotoxicosis is not com-
pletely clear. it seems likety thal the high iodine content
of the drug plays a crucial role (15). This concept is
turther supported by recent data using fluorescent thy-
toid scans in palients receiving long-lerm amiodarone
therapy (21). Leger et al. reported that the thyroid iodine
conlentin AAT was elevated only during the thyrotoxic
phase, returning to normal after remission of the hyper -
thyroidism. Interestingty. thyroid iodine contert in eu-
thyroid amiodarone treated patients was normsl On
the basis of this finding, these Authors speculated that
thyrotoxicosis in amiodarone reaied patients is the
consequence of a failure of the inhibitory effect of
excess iodide on the organilication of iodide resulting
in a subsequent increase in thyroid hormone synthesis
{21). Another explanalion could be thai the thyroid
iodide trap, which normally decreases in the presence
ol excess piasma iodide. thereby protecling the thyroid
against excessive inlrathyroidal iodine, fails to de-
crease in patients who develop AAT.

The results of the present study suggest that AAT may
spontaneously remit and that this occurs more fre-

——




E Martino F Aghini-Lombarai S Marnoln. et al

quently in patients without underlying thyroid disease 11 Melmed S. Nademanee K. Reed AW . Hendrickson
Thus. careful observation of these patients. perhaps JA Singh BN HershmanJM
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. ciation with MM appears 1o be effective in rapidiy Are seleclive mncreases in serum thyroxine (T,) due to
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LETTER TO THE EDITOR

More on KCIO, and amiodarone associated thyrotoxicosis

Sir,

In areas of mild iodine deficiency thyrotoxicosis is fre-
quently observedin patients recewving chronic amioda-
rone therapy (1) The pathophysiology of amiodarone
associaled iodine induced thyrotoxicosis (AAT) 1s not
fuily understood and ils therapy has been long disap-
pointing. Recently Marlino et al. (2) reported the suc-
cessful treatment of 7 on 8 cases ol AAT with the
simullaneous administration of KCI0, and methimazole
(MMI1). The paper of Martino el al. represents undoubt-
edly an importanl progress in the treatment of AAT, but
some problems remain open. A major one is: when 1o
slop KCIO, treatment? Both MM! and KCI0, have a

polential bone marrow loxicily; they shouid therefore
be used under caretul hematologic monitoring only in
severe cases of AAT. The concern about toxicity sug-
gests as shorl courses of therapy as possible. but the
mere normalization of T, and T, does not seemto be a
sufficient criterium 1o insure safe KCIQ, withdrawal,
exposing 10 the risk of AAT relapse (3).
We report here the case of a 66-yr-old man with an
ischemic cardiomyopathy and episodes of venlricular
tachyarrhythmia which had been trealed since 1984
with amiodarone 200 mg/d. Belore the Irealment T,
was 93 ng/d! (normal 80-220) and T, was 9.2 ug/dl
(normal 5-12). After 40 months of therapy he deve-
loped atrial fibrillation and severe weight loss. He com-
plained also ol discomtort in the lower anterior region ot
the neck, but no goitre was revealed by echography. T,
was 115 ng/dl and T, 13 8 ug/dl. An AAT was diag-
nosed and amiodarone was withdrawn. MM! 15 mg/d
was ordered, but one month later T, and T, had
reached respectively 270 ng/dl and 26 Lig/ di. MM! was
then increased to 30 mg/d and KC!0, 800 mg/d was
added. In two weeks T, fell to 180 ng/dl and T, l0 18
pg/dl, and KCi0, was withdrawn. A weel tater T, had
increased o 185 ng/dl. KC0, was so readministered
for ten more days, until Ty reached 114 ng/diand T,
" 11.5 ug/dl. KCI0, was then definitively withdrawn. MM!
was gradually reduced and then stopped, without rec-
urrence of thyroloxicosis. No hematologic disturban-
ces were observed, and the patient's sinus rhythm was
restored by means of an elecltric cardioversion.
AAT is most likely due to excessive intrathyroidal io-
dine content. As Martino et al. (2) pointed oul, the
simultaneous administration of KCl0, and MMI rapidly
removes the iodine surcharge from the thyroid. MMI
blocks in facl iodine organification while KCIO, con-
comitantly exerts a rapid depletion ol the intrathyroidal
iodine overload and prevents further entrance of iodine
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into the thyrod A premature withdrawal of KCI0, may
lead 10 the recurrence of AAT probably because the
iodine excess has not yet completely been eliminated
{3) In that case a second brief course of therapy with
KCIO,. inducing further elimination of iodine, may ob-
tain the delinitive control of AAT, as shown by the case
of our patient So the almost complete elimination of
iodine overioad seems 10 be needed to avoid AAT
relapse Inthis sense, in patients trealed with KCI0, and
MMI. the progressive decrease that follows the initiat
Increase in unnary iodine excretion could indicate thal
not only the intrathyroidal, but aiso the exirathyrowdal
iodine excess has been eliminated. Could this de-
crease in urinary iodine excrelion be the missing clini-
cal ciue to a timely and safte KCI0, withdrawal?

S. Dal Fabbro, I Dalle Mule,

and A Bridda

Drvisione Medica 1% and Servizio di Cardiologia,

Prasiaho Ospedaliero ULSS 3, Viale Europa, 32100 Beftuno.
laly

REFERENCES

1 Marino E., Safran M., Aghini-Lombardi F., Rajatanavin
R.Lenziardi M., Fay M., Pacchiarotti A, Aronin N_, Mac-
chig E.. Haftajee C., Odoguardi L.. Love J., Bigalli A,
Baschieri L., Pinchera A.. Braverman L.

Environmental iodine intake and thyroid dystunction dur-
ing chronic amiodarone therspy.
Ann. Intern. Med. 28: 101, 19684,

2. Martino E., Aghini-Lombardi F_, Mariotti S., Lenziardi M.,
Bascheeri L. Braverman LE., Pinchera A.

Treaiment ol amiodarone associaled thyroloxicosis by
simultaneous administration ol potassium perchiorate
and methimazole.

J Endocrinol Invest. 3 201, 1966.

3. De Weweire A.. Unger Ph., Delwiche F.. Unger J.
Failure to control hyperthyroidism with a thionamide af-
ter KCID, withdrawal in a patient with amiodarone asso-
cialed thyrotoxicosis.

J Endocrinol. invest. 10 529, 1987.

This letter was forwarded to Dr. E. Martino whose
reply follows:

Sir.
We read carefully the interesting letter by Dr. Dal Fab-
bro and co-workers regarding the use of simultaneous
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administration of KCI0, and methimazole (MM!)} for the
treatmeni of amiodarone-iodine-induccd thyrotoxico-
sis (AITT). We are pieased to realize that this therapeu-
lic regimen was effective in controlling the thyrotoxico-
sis in the case reporied. As pointed oul by the Authors,
however, the important clinical question of when KCIO,
should be withdrawn is still open. In our series{1) KCIQ,
was interrypted as soon as the palients reached clini-
caland biochemical evidence of euthyroidism (corres-
ponding to a period of combined treatmenl of 19-42
days) and no subsequent recurrence of thyrotoxicosis
was observed. in the case reported by Dal Fabbro el al.,
the first course ot KCI0, + MMI therapy was rather
short (2 weeks) and KCI0, was withdrawn when serum
thyroid hormone concentrations were slill elevated, in-
dicating that euthyroidism was not yel achieved. Their
suggestion that normalization of iodine urinary excre-
tion could be a good indicator for a “timely and sale
KCI0, withdrawal” is certainly perlinent and interesling.
In all our patients, however, the urinary iodine excretion
(aithough reduced with respect to the pre-treatment
values) was still very high when KCI0, was slopped. __ _
and waiting for normalization of urinary iodine excretion
would have implied more prolonged KCI0, administra-
tion, with increased probability of drug toxicity. A diffi-
culty encountered in treaiment of AllT with combined
KCI0, and MM! was the variabilily in the time needed
for a good lherapeutic response observed in the indi-
vidual patients. in our experience patients with underly-
ing thyroid disorders required more prolonged treat-
ment when compared to those with AIIT without other
apparent thyroid abnormalities. Aithough the precise
mechanism responsible for this phenomenon is still
unknown, it has been recently shown that the presence
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of underlying thyroid disorders markedly affects the
absolute inirathyroidal iodine content in amiodarone-
ireated patients in spite ol similar degree ol exirathy-
roidal iodine overioad (2).
In conclusion, although sequential determination of |
urinary iodine excretion is an extremely useful 100l in
the tollow-up of AlIT patients to quantitate the degree o
todine overioad, it would appear thal selection of the
most convenient time of KCIQ, withdrawal is basedon 4
the achievement of clinical and biochemical evidence §
of euthyroidism.

€ Martino
Cattedra di Endocrinologia, Universita di Cagliari, 09100 Cs-
ghiari, italy

S. Mariotti, F. Aghini-Lombardi, and A Pinchera
Caltedra di Endocrinologia, Universitd di Pisa, 56100 Pisa,
haly

L.E Braverman

Universily of Massachussells Medical School, Worcester,
MA USA
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LETTERTO THE EDITOR

Delayed control of iodine-induced thyrotoxicosis with a
thionamide after KCIO, withdrawal

Sue.

inarecentionor Do Wewenacotal (1 reported woron

ing of binchi-nwcal hyperthyrodism atler withdrawad of
KCIO, (admimistered for 8 days) despie the mante-
nance of high doses of methimazole IMMI).1n a patient
with amiodarone associated thyrotoxicosis (AAT) This
observalion contrasted with the report of Martino et al
{2) whose patients with AAT were treated with MMI andg
KClO, during 40 days and remained euthyroid wilh
MMI alone alter KCIQ, withdrawal

QOur palient. a 60-year-old woman, had been treated tor
months wilth an 1odine-contaming hinctus tor bronchial
asthma She lost 30 kg in 6 monihs belore 10 consult
Clinical hyperthyraidism {lachycardia. finger tremor,
swealing hands and muihnodular goiter) was con-
tirmed by biochemical data (Fig. 1) The patient was
ireated with propylthiouracit (PTU) 400 mg/day and
KCIO, 900 mg/day for 40 days with a rapid and sharp
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Fig. 1 - Moditications of serum FT, and T, in 3 palient with
wodine -induced thyrotoxicos:s treated with KCIO, and PTU
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gecrease of serum free thyroxine (FT,) Serum triiodo-
thyroeine 1T ,) decreased slightly Alter KCIO, withdra-
wil both serum FT, and T4 increased over a 2-week
penud Afterwards. thew serum levels decreased agan
butinore slowly than dunng the period of treatment with
PTU and KCIQ,. and relurned lo normal values within 3
months

Qur observation showed that the association of PTU
and KCIO, s successlully used in the treatment ot
hyperthyroidism induced by 1odinated drugs. PTU was
preferred to MMI because of its pernpheral inhibition of
T.t0 T conversion However. euthyroidism was not
oblaned atter 40 days of treatment and. after KCIO,
withitrawal. serum T4 and FT, increased lor a short
penod 10 additon. with PTU alone. the slope of the
decreasing curve of serum T3 and FT, was obviously
less sharp than thal observed with PTU plus KCIO,
{Fig 1) These data contirm the usefulness of thionam-
ide and KCIQ, association in the trealment of iodine-
induced thyrotoxicosis and the synergistic aclion ol
both drugs provided they were administered for up to
40 days. as suggested (2).

M. Bonnyns and P. Bourdoux
Saint-Pierre University Hospital
Brussels, Belgium
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Briel Report

Treatment of amiodarone-induced hypothyroidism
with potassium pecrchlorate

E.W.C.M. van Dam *, M.F. Prummel ", W.M. Wicrsinga ® and R.E. Nikkels *

* Department of Internal Medicine. De Werer Zickenhuis. Heerlen, Netherlands: * Department of Endocrinology.
Acadermc Medical Centre. Amsterdam, Netherlands

(Received 3 February 1992: revision received Ldduly 1992 accepted 21 August 1992)

The antiarrhythmic drug, amiodaronc, induces thyroid dysfunction. which is potentially dangerous in
cardiac patients. After discontinuation of the drug it takes scveral months before euthyroidism is
restored. The potent antithyroid drug. potassium perchlorate (KCl1O,). is used successfully to treat
amiodarone-induced thyrotoxicosis. but it is less well known as potential treatment in amiodarone-in-
duccd hypothyroidism. ln this casc seport we deseribe the successful use of two courses of KClO,
treatment in a cardiac patient with severe amiodaronc-induced hypothyroidism. The mechanisms
responsible for the amiodaronc-induced hypothyroidism and rationale for the use of KCIO; in this

condition arc discussed.

Kcy words: Amiodaronc; Thyroid dysfunction: Hypothyroidism: Perchlorate

Introduction

Amiodarone (AM), introduccd for the treat-
ment of ischaemic heart diseasc, is often used o
treat refractory cardiac arrhythmias [1]. Although
many adverse reactions have been reported [2]. it
is also an interesting drug for internists because
of its complcx cffccts on thyroid function {3). Onc
tablet of 200 mg AM contains 74.4 mg iodine of
which about 10% is liberated in vivo {4). These
pharmacological doses of iodine (the optimal io-
dinc intake, as recommended by the WHO, is
0.1-0.3 mg/day), can affect thyroid hormonc
production [S]. AM-induced thyroid disordcrs arc
difficult to diagnose because AM also has a direct

Correspondence w: EW.CM. van Dam. Dept. of .
docrinnlogy FS-258, Academic Medical Cuntre. Mabergdreef
9. 1105 AZ Amsterdam. Netherlands.

inhibitory effect on the 5° deiodination of the
iodothyronines, resulting in a decreased plasma
concentration of triiodothyronine (T3) and in-
creased plasma concentrations of thyroxine (T4)
and reverse triiodothyronine (rT3) (6]. Abnormal
thyvroid function is not a rare event during AM
trcatment. A recent prospective study showed
development of thyrotoxicosis in 12.1%. and of
hypothyroidism in 6.9% of AM-treated patients
{7). The latter occurs early in the course of AM
medication, especially in females with thyroid
auto-antibodies prior to treatment {7,8]. AM has
a long half-life, probably due to storage in many
tissues. After discontinuation of the drug it can
take scveral months before restoration of the
cuthvroid state. a potentially dangerous period in
cardiac paticnts [9]. Martino ct al. reported that
paticnts with AM-induced thyrotoxicosis or hy-
pothyroidism could be treated successfully with
potassium perchlorate (KC10,) [9.10). Treatment
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of AM-induced thyrotoxicosis with KCIQ,, a po-
tent antithyroid drug, has becen reported by oth-
crs, but the use of KCIO,; in AM-induccd hy-
pothyroidism is less well known [10]. In this case
report we will outline the presumed pathogencesis
of AM-induced hypothyroidism and the mecha-
nism of action of KCIO,.

Case Report

A 63-yr-old man was admitted to the hospital
because of an exacerbation of his chronic hron-
chitis. In the previous four months he had com-
plaints of increasing fatigue, mental lethargy. cold
intolerance and constipation. His weight had in-
creased by S kg. Nine months earlier a diagnosis
of ischaemic heart failure had been made else-
where; the treatment prescribed was 100 mg AM
once daily. the cumulative dosc of AM upon
admission being 27.3 g. Until admission he expe-
ricnced no further signs of ischaemic heart dis-
casc. There was no personal or family history of
thyroid disease.

On physical examination, he appearcd Icthar-
gic and his spcech was hoarse. Blood pressure
and pulsc rate were normal and his thyroid gland
was not cnlarged. There were symptoms  of

—xhronic bronchitis; no friction rub or murmurs

were audible.

An X-ray of the chest showed an cnlarged
heart, but no signs of hcart failurc. On ultra-
sonography there was global left ventricular hy-
pokimcesia and slight pericardial cffusion. Llectro-
cardiography showed sinus rhythm with first de-
gree atrioventricular block and a complete left
bundlc branch block.

Scrum thyroid stimulating hormone (TSH. dc-
termined by immunoradiometric assay) was ele-
vated (854 mU/L0 N: 0.2-3.5 mU /D, with low
free T4 (FT4: 2.2 pmol/l; N: 9.0-26.0 pmol /1)
and total T3 levels (0.4 nmol/l; N: 1.0-3.0
nmol /1). No anti-microsomal or anti-thyroglobu-
lin autoantibodies could be shown. Thyroid ra-
dioactive iodine ('21) uptake studies revealed a
high I-h thyroidal uptake of 29% of the adminis-
tered dose. Three hours after the administration
of 1 g potassium perchlorate, the uptake had
fallen to 3.3%.

A diagnosis of AM-induced hypothyroidism
was made and AM was discontinued. In view of
the short duration, it was felt safe to rapidly treat
thc severe hypothyroidism. The paticnt was
therefore given 500 mg of KClO, twice daily for 3
wk. which resulted in rapid normalization of thy-
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Fig. 1. The course of free T4 (FT4) and TSH levels in a 63-yr-old man with amiodarone-induced hypothyroidism. treated with
potassium perchlorate (KCIO, ). Reference ranges are indicated by bars (TSH-IRMA 0.2-3.5 mU/L FT4 9.0-26.0 pmol /1).




murs roid function and disappcarance of signs and Extracemuiar fiud Thyroid cen
symptoms. Four wceks after discontinuation ol
1ed KC10O, a biachemical relapse occurred. After an- NG,
' other 3wk of treatment with 250 mg of KOO
N twice datly, rapid and lasting restoration ol thy- " - I"—& 7 1° —& Orgamkcanon
- To- roid function Tollowed (Fig. 1). Carclul monitor-
-~ de- ing rcvealed no signs of toxicity nor coronary cio; ‘G\'xr /
2 left ischaemia. One year later the patient was still
e euthyroid. T (] gt
. : Fig. 2. Schenatic drawing. representing the active transport of
; T::; Discussion im‘;idc inlu'lhc lh)‘l‘?id f:!licu‘:ar ceﬂ w:?icb is amnnplis';ed L3
. B the “ihvroid-pump”™. This pump is stimulated by TSH and
+ /0 Using AM, the patient was exposcd to large propescd to be inhibited by an unkown iodinated compound
- 3.0 quantities of iodinc. Exposure to iodine cxcuss N-L. the concentration of which varies with the tofal organk
:lobu- does not usually result in sustaincd thyroid dys- indine content of the thyroid. KCIO, bhxks this pump. por-
i’ ra- function because of several adaptive processcs. mitting efflux of iodide from the thyroid cells.
i da First, transport of large quantities of iodide into
minis- the thyroid is followed by inhibition of hormonc the inhibitory effect of iodide on organification as
ration synthesis: the Wolflf-Chaikoff effect [I1]. The a consequence of uninhibited iodide trapping.
. had mcchanism responsible for this phcnomenon has This hvpothesis is supported by the presened
not yet been fully clarified, but dcpends upon radiniodide uptake, as demonstrated in our pa-
sidism high intrathyroidal iodide conccntration. it has ticnt. despite dilution of the radioisotope by the
v of becn suggested that the acute inhibition is duc to incrcased iodide pool [14,15). It is proposed that
v reat complexing of oxidized iodide in the presence of this ongoing iodide transport is caused by a dc-
t was high concentrations of inorganic iodidc to vicld fect in organification in patients with AM-in-
vy for3 I7, which cannot be used in iodination reactions. duced hypothyroidism, resulting in insufficient
« thy- Sccondly, it has been suggested that there is a formation of X-1. Perchloratc competitively in-
spccific iodinated inhibitor of iodide transport, a MBIk iodide transport and thus rapidly depictes
hypothctical compound X-1 [12] the concentra- the thyroid gland of inorganic iodide. The posi-
tion and action of which are supposcd to vane tive perchlorate discharge test in our patient thus
~— with the total organic iodine content of the thy- indicates that the accumulated '**1 was not or-
roid. A high thyroidal iodide concentration will ganificd. These findings are in agreement with
lead to formation of this hypothetical compound the low organic iodine content in patients with
X-1. which inhibits iodide transport (Fig. 2). re- AM-induccd hypothyroidism, as compared to the
sulting in a fall in thyroid iodide content and markedly elevated levels of organified iodine in
mitigation of the inhibition of iodothyronine syn- paticnts with AM-induced thyrotoxicosis [16,17).
thesis. This latter phenomenon might be involved Another possible mechanism, not mentioned pre-
in the escape from the Wolff-Chaikoff effect [11). viously, involves the TSH-receptor. TSH stimu-
Thirdly. the presence of large quantitics of iodide fates thyroidal iodide transport and might thus
retards the rate of harmone secretion through an incrcasc the thyroid iodide content. In vitro stud-
inhibition of protcolytic release of iodothyronines ies have shown that AM increases the number of
from thyroglobulin. As in the case of the Wolff- high affinity TSH-binding sites and this is not
Chaikoll cffcct. cscape from this cffect also oc- scen during incubation with iopanoic acid [18].
curs when the intrathyroidal iodide content lalls This ctfect was already present at concentrations
as a rcsult of autorcgulatory inhibition ol indide of AM which were unable to inhibit iodide up-
transport {13). take but ncvertheless could significantly reduce
Y with AM-induced hiypothviowism s assuaied to re- wdide organification. By increasing the number
v sult from a falure of the thyroid 1o escape Irom ot ISH-receptors. AM might. therefore, specifi-
. m—— —— ol
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cally stimulate iodide transport, thus perpetuat-
ing the Wolff-Chaikoff cffect.

Whatever the exact mcchanism, depleting in-
trathyroidal iodide stores scems rational in the
treatment of AM-induced thyroid dysfunction.
Perchlorate was formerly uscd (o treat hyperthy-
roidism, but abandoned because of the occasional
observation of fatal aplastic anacmia and dcvcl-
opment of a nephrotic syndrome. These scvere
complications were almost always associated with
large doses of KCIO, (more than 1 g daily) [19]. It
was recently reintroduced by Martino et al., who
successfully used the drug concomitantly with mc-
thimazole for the treatment of AM-induced thy-
rotoxicosis [9]. Paradoxically, it also appeared to
be effective in 6 cases of AM-induced hypothy-
roidism reported by the same author [10]. In
another report, however, only a transient effect
was scen [20]. In our paticnt we diagnosed AM-
induced hypothyroidism with a high uptake of
'] and a positive KCIO, discharge test. We
demonstrated that two short courses of low dose
KCIO, treatment were effective and safe in
rapidly restoring euthyroidism, although the po-
tential toxic side effects require a limited applica-
tion in time.
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Treatment of amiodarone induced hyperthyroidism with potassium
perchlorate and methimazole during amiodarone treatment

Louis ] M Reichert, Hans A M de Rooy

Abstract

To exploit the antiarrhythmic effect of amiodarone
whea patients develop the side effect of thyro-
toxicosis three patients with hyperthyroidism
induced by smiodarone were given simultaneously
1 g potassium perchlorate a day for 40 days and a
starting dose of 40 mg methimazole a day while they
continued to take amiodarone. As hyperthyroidism
might have recurred after potassium perchlorate
treatment was stopped the dose of methimazole was
not reduced until biochemical hypothyroidism
(raised thyroid stimulating hormone concentrations)
was achieved. The patients became euthyroid (free
triiodothyronine concentration returncd to normal
values) in two to five weeks and hypothyroid in 10 10
14 weeks. One patient became euthyroid white taking
5 mg methimazole a day and 600 mg amiodarone
weekly; the two others required substitution
treatment with thyroxine sodium while taking S mg
methimazole or S0 mg propylthiouracil (because of
an allergic reaction to methimazole) and 2100 or
1400 mg amiodarone weekly.

Hyperthyroidism  induced by amiodarone
may be treated with potassium perchlorate and
methimazole given simultaneously while treatment
with amiodarone is continued.

Introduction

Amiodarone is widely used as an anutarrhythmic
drug to control dangerous cardiac irregularities. It has,
however, a2 well recogniced propensity to induce
thyroid disturbances.' If hyperthyroidism is induced
the patient’s condition often becnmes precarious, with
deterioration in the effectivencss of amiodarone, and
becomes worse when treatment with amiodarone
is stopped. Nevertheless, stopping amiodarone
treatment is almost universally accepted before trying
1o control the hyperthyroidism with antithyroid drugs.
As amiodarone contains 37-5% iodine (75 mg iodine
per 200 mg tablet) and has an elimination half life of
two to three months, however, the thyroid will be
overioaded with iodine when the hyperthyroidism
occurs and aniithyroid drugs might therefore be
expected not to have any effect. The commonly
observed low upuake of radioactive iodine by the
thyroid in amiodaronc induced hyperihyroidism
prevents the use of iodine-131, and thyroidectomy is
often too dangerous to be considered in patients with
heart disease and uncontrolled hyperthyroidism. So it
seems logical to remove the excess iodine from the
thyroid and then start treatment with the antithyroid

Martino er a/ gave their patients potassium per-

chlorate and methimazole simuhancously and Wy

became euthyroid in two to five weeks, presumably by
the above mechanism.! Martino e al, however,

stopped treatment with amiodarone and therefore

10 JuNE 1989

lost its beneficial antiarrhythmic effect. To be able
10 continue amiodarone treatment, however, would
probably be potentially life saving in a small number
of patients. We report on three patients with hyper-
thyroidism induced by amiodarone who were trested
with potassium perchlorate and methimazole while
they continued to take amiodarone.

Patients and methods

The patients were aged 59 (case 1), 71 (case 2), and
67 (case 3) and developed hyperthyroidism during
Ircatment with amiodarone. They all had serious
ischacmic heart discase; two petients (cases 1 and 2)
had recurrences of dangerous cardiac irregularities,
which had previously been responsive only to amiods-
ronc, and developed heart failure. Amiodarone
induced hyperthyroidism was thought 1o be the csuse
of the deterioration in all three patients, and because
of their carlier responsiveness 10 amiodarone we
decided not 1o stop trestment with amiodarone.
Hyperthyroidism was diagnosed 38, 37, and 26 months
after amindarone treatment was started at respective
deses of 2100, 1400, and 600 mg weekly. Amiodarone
induced hyperthyroidism was diagnosed from the
clinical pattern, a decreased thyroid stimulating
hormone concentration, s raised (ree trilodothyronine
cuncentration, snd the sbsence of an image of the
thvrnid on scanning with technetium-99m. Thyroid
antibodies were not detected in any of the paticnts.

Concentrations of free thyroxine and triiodo-
thyronine  were measured by rsdioimmunocassay
(Amcrsham  International, Buckinghamshire) and
thyroid stimulating hormone concentrations by
immunorsdiometric assay (Boots, Celliech Diag-
nostics, Slough, Berkshire). Thyroid antibodies were
determined by indirect imm st the
Central Laboratory of the Blood Transfusion Service
in Amsterdam. Laborstory follow up included
determination of thyroid stimulsting hormone, free
triiodothyronine, and free thyroxine ‘concentrations,
total blood counts, kidney function, and liver enzyme
activities.

In addition 10 the treatment with amiodaroge all
three patients received 250 mg potassium perchlorate
and 10 mg methimazole, both four times daily. ln
one patient (case 2) methimazole was stopped after
oncweckmdrephcedlweekhterbylwmg
propylthiouracil four times daily because of an allergic
reaction. The protocol was approved by the medical
ethics committee of this hospital; the three patients
gave their informed consent.

Results

On eniry into the study all three patients hed 3
noticeably decressed thyroid stimulating hormone
concentration and a highly raised free triiodothyronine
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concentration. Although amiodaronc ircatment was
continued, treatment with potassium perchiorate and
mcthimazole resulted in the free trilodothyronine
concentration returning to normal valucs after two
weeks in one patient and afier five weeks in the two
others (figure). Free thyroxine, whosc conversion 10
free trilodothyronine is inhibited by amiodaronc.'
returned to normal valucs after five 10 10 weeks and
thyroid sumulating hormonec afier cight to 12 wecks.

Amiodsrons

Potassium perchlorate
. B

Free rilodothyronine (pmol/i)

Free thyroxine {(pmot/1)

Y,

g

0-321
0-11
003

Thyrold stimulsting hormone
{mUN)
o
~

° 5 10 . 20 2
Tirme (weeks)

Senial free wiodothy , free thyroxine, and thyroid stimul
Mmmmnrimnm(nml ) teith emiaduromne
induced hyperhyroidism dwring reatment with emioderone and | ¢
potassiuin perchiorase a day for 40 days and methimesole st sserting
dose of 40 mg « day. Dose of methimasole wes gradnelly reduced but
never compleiely swopped. Shaded ereas represent normal renges

Potassium perchlorate was discontinued after 40 days.
After seven 10 12 weeks the dose of methimazole was
gradually reduced but never compictely stopped.
During the study no abnormalities were found in
the complete blood counts, in the activities of liver
enzymes, or in the results of kidney function tests.
One patient (case 3) became euthyroid when given
S mg methimszole a day and 600 mg amiodarone
weekly. The two other patients required substitution
treatment with 100 pg thyroxine sodium a day
while taking S mg methimazole (case 1) or 50 mg

propylthiourscil (case 2) a day and 2100 or 1400 mg
amiodarone weekly. The cardisc irregularitn
disappeared and the heart failure subsided. All thres
paticnts became well and resumed their activiues.

Discussion

Various regimens of treatment have been described
for hyperthyroidism induced by amiodarone
Discontinuation of amiodarone treatment lesd ¥
spontancous euthyroidism only after two to eight
months.! Martino et al reported good results wik
a combination of potassium perchlorate and methime-
zole after amiodarone treatment was discootinued!
Potassium perchlorate may cause the excretios o
excess iodine and prevent the uptake of further iodint
while methimazole inhibits its incorporation e
triiodothyronine and thyroxine. :

In 1952 \7yngaarden et al reported that potsssius
perchlorate interfered with the uptake of inorgask
iodine by the thyroid gland in rats.’ Because of side
effects such as splastic anaemia and the nephrok
syndrome, which occur predominantly at high
doses or with prolonged administration, potasshm W
perchlorate was no longer used for the treatmest f -
hvperthyroidism.’ During our study and that o w
Martino et al the patients reccived no more th SR . 5
I g potassium perchlorate a day for 8 maximum o '
40 days and laboratory resulis showed that neithe
haematological nor renal complications occurred.

Our three patients became ecuthyroid (free
iodothyronine concentrations retumed to normsl
values) within two to five weeks despite the contiens
tion of amiodarone treatment. The same results wem
found when amiodsrone treatment was discontineed
before the hyperthyroidism was treated.’

Because of the fear that hyperthyroidism might
recur during amiodarone treatment after potsssus
perchlorate treatment had been discontinued the des
of methimazole was not reduced until biochemicd
hypothyroidism (raised thyroid stimulating hormoms §
concentrations) was schieved. This may be why o
patients rapidly became hypothyroid. As 2 resuh w
treated two other patients with the same regimes bt
reduced their dose of methimazole earlier; they became
euthyroid and not biochemically hypothyroid withis’
12 and 18 weeks. Moreover, because of the fear it
hyperthyroidism might tecur we never complesly
stopped Lhe antithyroid treatment, not even whes e
patients’ hypothyroidism was sustained (cases | aad ) ;
We preferred substitution treatment with thyrozies:
sodium becsuse we were aware that the excess iodine
was prevented from causing s recurrence of &
hyperthyroidism only by the persistent (compies o'
pertial) block of peroxidase sctivity by antithynid,
treatment.

We conclude thet hyperthyroidism induced b
amiodarone may be trested with potassium perchion
and methimazole during amiodarone treatment.
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Abrogation of ¢-MYC protein degradation in human lymphocyte
lysates by prior precipitation with perchloric acid

D.G. Spiller and D.M. Tidd
Department of Biochenustr, Usiversuy of Dierpood. PO Boy 147 Lucerpood L69 3BX. UK
(Received 17 Octaber 1991, revised receined 22 Nonember 1991 accepted 28 November 1991)

Conventional lysis bullers, though containing cocktails of protease inhibitors. did not prevent the
. degradation of ¢-MYC recombinant protein added immediately prior to lysis to cell pellets from human
mixced lymphocyte cultures. Treatment of the cols with 4.2 perchloric acid. however, prevented protein
degradation and (ucilitated the detection of ¢-MYC pratein by Western blotting cven in unstimulated

lymphocytes, where previously it had becen reported to he undetectable or barely detectable using this
technique. PHA stimulation of lymphocytes induced an approximately six fold increase in measured
t  ¢-MYC protein within 5 h if cell extracts were preparcd using perchloric acid precipitation. However.
using conventional lysis buffer the proto-oncogene protein was undetectable until 48-72 h alter mitogen
addition. Prctreatment with perchloric acid may be usclul for Western blotting analysis of protein in
other systems where it may be desirable to dispense with the use of toxic protease inhibitors or where
these may bc incomplctely effective.
) Key words: ¢-MYC protein: Lymphocyte: Western blutting
4
1
{
Introduction ments of the actual ¢-MYC protein concentra-
tions in such cclls and no detailed time coursc
Many authors have reported carly transicnt studics have been performed. The reports of
& increases in c-MYC mRNA, 3-5 h after stimula- which we are aware are described below. Persson
tion of peripheral blood lymphocytes with mito- ct al. (1984) observed a 20-fold excess of c-MYC
gens in vitro (for cxamplc: Kclly et al., 1983: protcin comparcd with untreated controls 20 h
Reed et al, 198S; Lindstcn ct al., 1988) How- alter PHA stimulation of peripheral blood lym-
cver, there have been surprisingly few measure- phocytes, in vitro, in which protein synthesis was
mueasurcd by tabelling for 18 h with [*S)methio-
¢ ninc prior L0 immunoprecipitation. Similarly,
| Moctling et al. (1984) found two proteins, im-
Correspondence to: D.G. Spiller. Department of Biochem- munoprecipitated by an anti ¢-MYC antibody.
siry, University of Liverpool. P.O. Box 147. Liverpool L6Y which were present in ConA stimulated tympho-
18X, UK (Tel.: 051-794-4319). N cvtes at the single time point of 4 h after the
Abbreviations: PHA. phytohaemagglutinin: PBS. phos- T . L
phate-buffered saline: PMSF. phenylmethylsulphonyt fluoe- ?ddl!l(m of mitogen. but which were not detected
fide; PAGE, polyacrylamide gel clectrophoresis: SIS, sodivm in the untreated controls. Harcl-Bellan et al.
dndecyl sulphatc. (1988) demonstrated that a ¢-MYC  antisense
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oligonuclcotide couid block the de novo synthesis
of ¢-MYC protein in activated T cells, as mea-
surcd by [“Slmecthionine labelling tor 3 W fol-
lowed by two-dimensional clectrophoresin and
autoradiography. Heikkita et al. (1987 aiso
showed that PHA stimulation of peripheral blood
lymphocytes for 6 h caused an increase in ¢-MYC
protein from undetectable to detectable levels as
measured by Western blotting,  immunolusto-
chemistry and immunoprecipitation: accumula-
tion of the protein was blocked by an antiscnse
oligonucicotide. On the basis of the atter resulis
we have investigated this experimental model in
more detail, as a potential test system for the
¢-MYC antisense oligonucleotide analogucs syn-
thesised within our department. W¢ have concen-
trated solcly on measuring ¢-MYC protcin since
this s the actual functioning product of the gene.
and according to Ferrari ct al. (199) the abun-
dance of the mRNA and protein arc not always
linked in the case of ¢-MYC. As far asv we arc
aware this is the first study to exanune ¢-MYC
protein levels in PHA-stimulated Iviaphocytes at
time points beyond 30 h. The later times were of
interest since our previous experiments had shown
that the maximum prolifcrative response was at
72 h. _

Initially ¢-MYC protein was only dctected in
cell lysates derived from lymphocytes which had
been incubated with PHA for 48 h or more. At
earlier times the cell lysis buffers used. though
containing a cocktail of protcasc inhibitors, failed
to prevent non-specific protein degradation. Boil-
ing the extracts immcdiately after lysis improved
¢-MYC protein detection, but thcre was still a
considcrable loss of recombinant ¢-MYC protcin
internal standard added immediately prior to cell
lysis. Pretreatment of cells with dilute perchloric
acid, a technique used routincly for precipitating
macromolecules and extracting nuclcotides from
cells (e.g., Tidd and Paterson, 1974) complctely
abrogated protein breakdown as measured by in-
ternal standard recovery and for the first time
significant levels of ¢-MYC protcin were ob-
served in unstimulated lymphocytes, which had
previously been reported to conlain amounts un-
detectable by Western blotting analysis (Heikkila
et al., 1987). Using perchloric acid pretreatment
the pattern of c-MYC protein expression in PHA

stmulated lymphoceytes matched the carly rise
reported for ¢cMYC mRNA (Kelly et al.. 1983).

Materials and methods

Human peripheral lymphocytes were sepa-
rated from feukocyte enriched blood on Ficoll-
Hhpague gradicnts and were incubated in RPMI
medium plus 15% FCS for the duration of the
cxperiments. Half of the lvmphocytes were treated
with PHA at optimal concentrations (27 PHA M
Cnbeo) and half were untreated. Samples were
taken for SDS-PAGE followed by general protein
stirining with Coomassic blue and Western Mot-
ting analysis 0, 5. 24, 48, and 72 h after PHA
addition. Flow cvtometric analvsis of cell DNA
content, as measured by propidium iodide fluo-
rescence (Taylor, 1980), was used 1o check the
degree of PHA stimulation. which was expressed
as the percentage of cells present in the S, G2
and M phases of the cetl cvcle. Cells for elee-
trophoresis and Western blotting analysis were
spun down at 800g in a refrigerated centrifuge,
washed in ice cold PBS and treated according to
the following protocols.

(1) Lysis with cold lysis buffer (10 SDS, 10%
glvcerol., with the protease inhibitors. 0.1 mM
Icupeptin, 0.1 mM PMSF in 0.04 M Tris pH 64,
4°C) followed by shearing of released DNA ty
rcpeated syringing through a fine gauge needie.
The samples were stored frozen at — 70°C uatd
analysed.

{2) As above but the cell pellets were pre-
trcated with ice cold 4.2% w/w perchloric aod

{prepared by dilution of perchloric acid, W% ¢

w/w Analar) for 1 min followed by centrifugatios
of precipitated protein and nuclcic acids. The
precipitate was washed once with distilled water

and then dissolved in lysis buffer.

Samples of c-MYC recombinant protein geser- |
ously supplied by S. Pennington (Walt et . *
1983) were used as positive controls and in some '
cases were added to cell pellets of the cootrd
lymphocytes immediately prior to lysis as as & l
ternal standard to check for breakdown of te |
protein. l

Total protein was assayed using the Mim
BCA technique (Pierce Chemicai Co.). and ko

|
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fowing  treatment with 2-mercaptocthanot
HOPC for S nun, Known amounts of Ivsate Gas
detcemincd by total pratein content) were boaded
onto cach lanc of the gels. Prestained molecular
weight markers (Bio-Rad Laboratories) were used
as moleculur weight controls and to check the
efficiency of transfer of protein from the gel to
nitroccliulose. Detection of the ¢-MYC protein
was with a double antibody techmigue using an
anti ¢-MYC monoctonal antibody obtained from
Oncogene Science, and derived from the Y40
hybridoma clone (Evan et al.. 1985) This anti-
body was found to be the most sensitive and
reliable of a number of commercially available
antibodies tested. Blots were developed using an
alkaline phosphatasc conjugated second antibody
(goat anti-mousc. Dakopatts D314) and a chro-
mogen solution consisting of 330 ug/ml of m-

tobluc wetrazobum and 165 gp o ml S-bromo-4-
chloro andolv ] phosphate in a OO M Tris, 01 N
sowlivm chlornde, (01 M magnesium chloride bulter
pH 9.3 The lanes were scanned using a Shi-
madzu hing spot densitometer (Shimadzu Cor-
poration. Japan) and the arcas of the ¢-MYC
protem absorbance peaks were recorded.

Results and discussion

The cffects of PHA stimulation on ¢MYC
protein content of human peripheral lymphocytes
was investigated in more detail than hitherto re-
ported. in order to establish a well characterized
test system for evaluating MYC anti-sense
oligonucleotide analogues. Throughout the study.
the Kinctics of in vitro PHA-induced mitogenesis
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in human mixced lymphocyte  cultures woire
checked by flow cytometry of propidium iodide
stained ccll samples. These  measurements
demonstrated that the proportion ol ivmphocvtes
in S, G2 and M phases of the cell oyele increased
by 18-24 h after mitogen addition (data not
shown), indicating that the lymphocytes weee suc-
cessfully stimulated and that the time course of
induction of DNA synthesis in our hands was
similar to that previously reported (Kelly ¢t al..
1983). The specificity ol the Western blotting
technique for detecting 62 kDa ¢-MYC protein
was evaluated using csscntially pure recombinant
product as a standard. Detection of the ¢-MYC
protein was blocked by absorption of the priman
antibody with a peptide cpitope. while the goat
anti-mouse, sccondary antibody on its own gave
no detcctable signal (data not shown).

At the outset, measurements of cellular ¢-MYC
protein content were made by the Western blot-
ting technique, using ccll lysates prepared at in-
tervals after mitogen addition with standard lysis
buffers containing protcase inhibitors. Under
these experimental conditions, and dcspite the
presence of the protease inhibitors. protein was
found to be generally degraded in thc 0 h lysates
(Fig. 1a) and early time point samples. but less so
in the 72 b cell lysates (Fig. 1b). At the samc
time, c-MYC protein was undetectabic in all but
the 48 h and 72 h samples, even whcn it was
added in rccombinant form as an intcrnal stan-
dard (Fig. 2a).

Other lysis buffers containing cocktails of pro-
tease inhibitors as described by Hcikkila ct al.
(1987), (0.01 M Tris-HCl pH 7.5 containing 0.144
M NaCl, 0.5% NP-40, 0.5% SDS. 0.17 Trasylol,
| mM PMSF, 10 mM iodoacctamide) and Pers-
son ct al. (1984) (0.05 M Tris-HCI pH 7.5 contain-
ing 0.15 M NaCl 0.1% SDS, 1% ‘Friton X-1(N)
0.5% sodium deoxycholate, 1 mM PMSF) also did
not prevent general protein degradation in lym-
phocyte lysates. These results were highly un-
usual since no proteolysis at all was observed. and
c-MYC protein was easily detectable, when the
same lysis buffers were used to prepare extracts
of a range of established human cell culture lines
including HL60, Raji, MOLT-4, and other lym-
phocytic lines. Addition of recombinant ¢-MYC
protein to cell pellets, prior to lysis. dcmonstrated
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Fig. 2. Variation of ¢-MYC protein contemt of hmphocyte
Ivsates with time after PHA stimulation. Western blots were
scanned with a densitometer and the area of the ¢-MYC
protein band was plotied against the time after PHA addation
Circles represent control samples with no milogen added
triangles represent PHA treated samples. and squares repre-
sent control samples to which recombinant ¢-MYC protem
was added. a: Concentration of ¢-MYC protein in lymphoryte
hvsates prepared using the conventional hysis technique (proto
col | in the text). b Concentration of ¢-MYC proiem »
hymphocyte lysates prepared using perchloric acid precmpits
tion (protocol 2 in the text).
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that the protease inhibitor-resistant proteolytx
activity in human peripheral lymphocytes de- l
cayed. even in the absence of mitogen. during
incubation in tissue culture medium at 37°C (Fg }
la)

It was apparent that an alternative to the !
standard protease inhibitor cocktails was re
quired to rapidly inactivate the protease(s) of ‘
human peripheral lymphocytes if their ¢-MYC
protein content were to be measured. Heat treat- |
ment was tested as an initial approach to resol
ing this problem. However. although boiling s
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mediately atter lysis prevented most ol the pro- Dilute poerehlonie acid (4.29 w/w) s routineh
toin degradation at carly tume points, added ¢- usad Tor precipitating ccllular macromolecules
and estracting acid-soluble monomers in quanti-
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4 tMYC protein was stull degraded  (results not
. shown), suggesting that proteohysis was veny rapid.

Another approach. which did prove to be suceess-

ful. was that of dilute perechloric acid fixation,

tation of cellular nucleotide pools (e.g.. Tidd and
Paterson, 1974), and at this concentration docs
not e significant chemical modification, other
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Fig. 3. Variation of c-MYC protein concentration in hmphocytes with time after PHA stimulation. a: an example of the Western
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lane 8, no treatment 4R h; lanc 9, PHA treatment 48 h; Lines 1 13, 10 pe, 100 pp, S0 pe. | ag of ¢-MYC recombinant protcin;
lane 14, prestained molccular weight markers. b1 densitometrn analysis of the Western blot illustrated in @, and a replicate blot.
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than denaturation of cellular constituents. Al-
though at higher concentrations perchloric acd is
a stroag oxidising agent, at the low concentration
specified perchloric acid failed to oxidise the
highly susceptible 6-thiopurincs (Docsr ot al.
1961; Tidd and Dedhar, 1978) and therefore. it 1s
unlikely that significantly more cpitope dustruc-
tion would occur using perchioric acid than -
ready prevails under the denaturing and reducing
conditions of the SDS-PAGE Western blotting
procedure. At the samc time. similar results to
those described below might be achieved by using
non-oxidising protein precipitants such as
trichloroacetic acid, although this was not tested.
Following perchloric acid fixation, the denatured
macromolecular pellet may be dissolved in stan-
dard cell lysis buffer and may still be used in
Western blotting analysis, since the technique
requires that the proteins be denatured. When
dilute perchloric acid fixation was applied to in
vitro incubatcd human lymphocyte cell pclicts.
prior to their dissolution in lysis buffer. c-MYC
protein was detectabic by Western blotting analy-
sis in all samplcs, including O h and untreated
control ccll lysates (Figs. 2 and 3), and many
more high molecular weight protcins wure ab-
served (Figs. 1¢c and 1d). Experiments conducted
vsing this lysis procedure demonstrated that large
increases in cell content of ¢-MYC protein oc-
curred within 5 h of PHA stimulation (Fig. 2b).
Though some variation in lymphocyte response to
PHA at later times was observed betwecn differ-
ent blood donations (for example see the differ-
ence at 48 h between Fig. 26 and Fig. 3b).

The signal from ¢c-MYC protein internal stan-
dard added to pellets of resting lymphocytes im-
mediately prior to perchloric acid precipitation
was similar to the same amount analysed directly
(for example the average percentage recovery for
the experiment illustrated in Fig. 2b was 72% +
11.5%) indicating that perchloric acid pretreat-
ment did not interfere with c-MYC protein detec-
tion. These results established unequivocally that
proteolysis and not the limit of scnsitivity of the
Westcern blotting system was responsible for the
inability to detect ¢-MYC protecin when the por-
chloric acid precipitation step was omitted (Fig.
2). Moreover, significant concentrations of c-MYC
protein were detected in unstimulatcd lympho-

avtes when perehloric acid pretrestment was em-
ploned (Figs, 2 and ), whereas previously the
protein had been undetectable (Heikkila et al,
19N7). Presumably, the concentration of ¢-MYC
protein in resting lymphocytes is below a thresh-
old valuce. and only above this is it able to func-
tion in its putative role as a signal transduction
molccule for triggering cell proliferation.

The Western blotting system was calibrated by
running various amounts of recombinant c-MYC
protcin on the gels. The detection limit of the
syslem was found to be approximately 100 pg of
the standard (Fig. 3a). The amount of ¢-MYC
protein per 10* cells was calculated from the
calibration curve. An example of the quantitative
rcsults obtained from experiments where fympho-
avte cell pellets were pretreated with perchlorc
acid is presented in Fig. 3. which shows that an
approximately six-fold increase in mean intracel-
lular ¢-MYC protein concentration occurred
within § h of PHA stimulation.

Mecntion should be made of the fact that the
910 antibody used in Western blot development
net only bound the 62 kDia ¢-MYC nuclear pro-
tein. but also detected other proteins (Fig. 3a), as
did all the other antibodics tested. The spurious
signals were different for each antibody but could
be reduced in intensity relative to the ¢-MYC
band (at least in Colo 320 and HT29 cell lysates)
tf nuclear fractions were used as opposed (o
whole cell lysates (data not shown). The dcmon-
stration of additional interactions has serious im-
plications if these antibodies are to be used for
immunohistochemical or flow cytometric analyss

in which no check of the molecular weights of the

antigens is possible, and results from such tech ¢

niques must be interpreted with caution.
Further studies comparing perchloric acid pre-
trcatment to conventional cell lysis are required
in order to determine whether the agents respon-
sible for the observed protein degradation are
himited to lymphocytes or are present in other
tissues. One area where problems may occur is i f
mcasuring ¢-MYC protein in tumour biopsies
since lymphocytes can be a significant contam:

mant. In addition, the mcasurcment of other pro-
teins in human peripheral lymphocytes might |
benefit from perchloric acid pretreatment since ;
general protein degradation was observed whes l
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In conclusion. use of the modibicd cell s
proccdure described in thus note resulted in the
novel observation that resting human hympho-
cytes contain significant concentrations of ¢-MYC
protcin. PHA stimulavion induced ancreases
cell content of the oncogene protem which paral-
leled the reported increase in ¢-MYC mRNA
during lymphocyte mitogencesis (Kely. 1983).
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Short Term Administration of Potassium Perchlorate
Restores Euthyroidism in Amiodarone Iodine-Induced

Hypothyroidism*

E. MARTINO, S. MARIOTTI, F. AGHINI-LOMBARDI. M. LENZIARDI,
S. MORABITO, L. BASCHIERI, A. PINCHERA. L. BRAVERMAN, anp M. SAFRAN
Endocrinologia e Medicina Costituzionale, University of Msa (F. M., S Ma, FA.-L, ML, S Mo, LB, AP)

Pisa, Italy; and the Division of Endocrinology and Metabolism, [epartment of Medicine. University of
Massachusectts Medical School (L.B., M.S.). Worcester, Massachusetts 01605

ABSTRACT. We studied the effect of potassium perchloeate
(KCI1O,) in patients with hvpothyroidism due to amiodarone
The short term administration of KCIO, to sax such patients led
to prompt restoration of euthvroidism, while the theee untreated
patients remained hypothyvroid for 2-6 months. Since KUCHO,
inhibits thyroid iodide transport, thereby blocking further en-

trance ot iodide tnto the thyroid and decreasing intrathyroidal
iodide content. amiodarone-associated hypothyroidism is proh.
ably sevondary to the inhibitory effect of excess intrathyvroidal
wdine on thyroid harmone synthesis. (J Clin Endocrinol Metab
6:3: 12718 1486

MIODARONE, a drug containing 37.2 mg iodine/
100 mg active substance, is widely used for the
treatment of cardiac tachyarrhythmias. This agent reg-
ularly alters serum thyroid hormone concentrations and
may cause iodine-induced hyperthyroidism or hypothy-
roidism (1-17), since {ree iodine is released from the
metabolism of the drug in vivo (18). Hypothyroidism may
develop in patients with or without underlying thyroid
disorders (7-11, 16, 17). The mechanism responsible for
thyroid insufficiency in amiodarone-induced hyvpothy-
roidism is not certain, although it is probably related to
the inhibitory effect of excess intrathyroidal iodide on
thyroid hormone synthesis (7, 18, 19). We recently re-
ported that the short term oral administration of potas-
sium perchlorate (KClO,) together with methimazole led
to a rapid control of amiodarone iodine-induced hyper-
thyroidism, probably through intrathyroidal iodide de-
pletion by KClO, (20). In the present study, we assessed
the effects of KCIO, administration in patients with
amiodarone-induced hypothyroidism.

Subjects and Methods
Patients
Nine patients treated with chronic amiodarone therapy for
various cardiac tachyarrhythmias (500-750 mg/week) for a
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Address all correspondence and requests for reprints to: Marjorie
Safran, M.D., Division of Endocrinology and Metabolism, Department
of Medicine, University of Massachusetts Medical Center, 55 Lake
Avenue North, Worcester, Massachusetts 01605.
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perind ol 9-16 months developed clinical and biochemical evi-
dence of hypothyroidism. The relevant clinical and biochemical
features of the hyvpothyroid patients at the time of entry into
the study are summarized in Table 1. Amiodarone was discon-
tinued in all patients at this time. Patients 2 and 4 had no
evidence of underlying thyroid disease, as assessed by physical
examination and ultrasound; four patients had Hashimoto's
thyroiditis; one had a small goiter; one had been treated pre-
viously with [ for hyperthyroidism due to Graves' disease;
and the final patient had received x-ray treatment to the neck
for larvngeal cancer 6 yr previously. After withdrawa! of amio-
darone, patients 1, 2, and 3 were followed for 80, 300, and 156
days. respectively, without treatment, while patients 4-9 re-
ceived s single dose of 1.0 g KCIO, daily for 9-34 days and then
were followed for an additional 60-228 days, except for patient
9 who was followed for only 4 days after stopping KCl0..
During KCIO, administration, the patients received a f-adre-
nergic antagonist drug or a calcium channel-blocking drug es
needed for their cardiac problems.

Laboratory tests

Serum total T, and total T, concentrations were measured
by RIA using commercial kits (ARIA II, Becton Dickinson
Laboratory, Milan, Italy). T, resin uptake was measured using
Trilute Kits (Miles S.p.A., Ames Division, Milan, Italy). Free
T. (FT.1) and T, (FT4l) indices were calculated as the product
of the T resin uptake and total serum T, and T, concentrations,
respectively. Since the changes in the serum total thyroid
hormone concentrations were similar to those in the free thy-
roid harmone indices, only FT,] and FT,1 values are reported.
Serwit I'SH was measured by an ultrasensitive TSH immuno-
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FiG. 1. Serum FT,] values and TSH concentrations in hypothyroid patients. Amiodarone was discontinued at the time of the baseline vake
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individual patient: ¢, 1;0,2: 9, 3,0, 4,0, 5 W, 6: 0, 7: 4.8 A. 9.

radiometric assay (Boots-Celltech, Nottingham, United King-
dom). Antithyroid microsomal autoantibodies were measured
by passive hemagglutination (Fujizoki, Tokyo, Japan). '*'1 Thy-
roid uptake was measured at 24 h.

Results

KClO, administration increased serum FT,l values
and decreased serum TSH concentrations. In five of the
patients who received KCIO,, serum FT,I increased to
normal within 2 weeks after initiation of KClQ, admin-
istration (Fig. 1). Serum TSH concentrations decreased

markedly in all patients who received KCIO, and were
normal in three of the six patients 2 weeks after starting
KCIO, treatment. Serum FT,I values and TSH concen-
trations changed very little in the three patients who did
not receive KCIO,.

After withdrawal of KCIO,, hypothyroidism recurred
in three of the six patients. Patients 5, 6, and 7 became
hypothyroid within §, 73, and 47 days, respectively, after
discontinuing KClO,. The results in patient 7, who re-
ceived KClO, twice, are shown in Fig. 2. On both oces-
sions, treatment with KClQ, was associated with a rapid
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increase in serum FT,I values and a rapid decrease in
serum TSH concentrations, followed by relapse when
KCIO, was discontinued. Patients 4 and 8 remained
clinically euthyroid and had serum FT,I values of 7.6
and 6.4 and serum TSH levels of 1.3 and 1.8 uU/ml when
last studied 8 and 2 months, respectively, after with-
drawal of KC1O,. Patient 9 was not followed long enough
to determine her ultimate thyroid status.

Two of the three patients (patients 2 and 3) who did
not receive KCIO, became euthyroid after 180 and 95
days, respectively. The data for patient 3 are shown in
Fig. 3. Patient 1 remained profoundly hypothyroid for
over 80 days (serum FT,I, 3.0; TSH, >80 pU/ml) and,
therefore, was treated with L-T,.

No side effects or toxic reactions occurred during
KCIO, therapy, as assessed by hematological, hepatic,
and renal function tests.

Discussion

Long term treatment with amiodarone may induce
hypothyroidism in patients with or without underlying
thyroid disorders (7-11, 16, 17), and amiodarone-induced
hypothyroidism is more common in areas with sufficient
todine intake, especially in patients with Hashimoto's
thyroiditis (7, 8) who are more susceptible to iodine-
induced hypothyroidism (21). The development of amio-
darone-induced hypothyroidism appears to be the con-
sequence of the inhibitory effect of excess intrathyroidal
iodide on the synthesis of the thyroid hormones (19).
While patients with underlying defects in the intrathy-
roid organification of iodine are more susceptible to the
inhibitory effects of excess iodine, high intrathyroidal
iodine concentrations may induce decreased hormone
svnthesis in patients with apparently normal thyvroid

. —— —— e —— —— ——
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glands. Thus, Hawthorne et al. (17) demonstrated posi-
tive perchlorate discharge tests in seven of eight patients
with amiodarone-induced hypothyroidism, six of whom
had no evidence of previous thyroid disease. One of them
was restudied 9 months after stopping amiodarone and
was found to have a normal perchlorate discharge test.

In the present study, we evaluated the possibility of

restoring the cuthyroid state by administrating KO,
This anion reduces intrathyroidal iodide content hy com-
petitively inhibiting thyroid iodide transport, so that
sufficient iodide to inhibit thyroid hormone synthesis is
no longer present within the thyroid follicular cells. The
results obtained confirm the role of intrathyroidal iodine
in the genesis of hypothyroidism in amiodarone-treated
patients, since a prompt rise in circulating thyroid hor-
mone and a decrease in serum TSH concentrations oc-
curred during KCIO, administration.
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Two cases of amiodarone-induced thyrotoxicosis

successfully treated with

a short course of

antithyroid drugs while amiodarone was

continued

Mieke D Trip, Donald R Diren, Wilmar M

Abstract
Two patients with amiodarong-induced
thyrotoxicosis were treated successfully
with potassium perchlorate and carbima-
zole while treatment with amiodarone
was continued. These antithyroid drugs
were stopped after the patients had
became clinically and biochemically
euthyroid. During follow up, when treat-
ment with amiodarone continued, thyro-
toxicosis did not recur.
Amiodarone-induccd thyrotoxicosis
seems to be a transient condition that can
be treated successfully with a short
course of antithyroid drugs without stop-
ping amiodarone treatment.

(Br Heart J 1994,72:266-268)

Amiodarone is an effective antiarthythmic
agent with a high iodine content that affects
the production and secretion of thyroid hor-
mones and in some patients induces ovent
thyrotoxicosis or hypothyroidism. The mech-
anism responsible is incompletely understood.
An jodine excess is not the prime determi-
nant.! Amiodarone could induce hypothy-
roidism by unmasking a  pre-cxisting
subclinical abnormality.

Amiodarone induced thyrotoxicusis is
unpredictable with an unexplained sudden
onset in patients with previously normal thy-
roid function and without pre-cxisting thyroid
antibodics. The chicl hypothesis for  the
pathogencsis of amiodarone induced thvro-
toxicosis is that amiodaronce or its metabholites
damage the thyroid cclls and disrupt follicles,

Wiersinga

resulting in the release of thyroid hormeoaes
into the circulation.® "This hypothesis imphes
that treatment with amiodarone must be
stopped. This may result in the recurrence of
the life-threatening tachycardia. Martino a o
reported that stopping amiodarone treaunent
and starting treatment with potassium per-
chlorate and methimazole led to a resolution
of thyrotoxicosis within 16-36 days.' Reichert
et al reported the successful treatment o

amiodarone
potassium

induced
perchlonte

thyrotoxicosis

with

and  mcthimazde,

while treatment with amiodarone was contn-
ued, in three patients.' These patients became
euthyroid in 2-5 weeks. Then they wer
treated with a combination of amiodarone
and methimazole.

We report two patients in whom amio-
darone induced thyrotoxicosis was success
fully treated with potassium perchlorate and
carbimazole while treatment with amiodarone
was continued. -

Case reports
CASE 1 (TABLE 1)
A man aged 18 presented in 1985 with ver-
tricular flutter caused by arthythmogenic right
ventricular dyspiasia. The tachycardia did not
respond  to  several antiarrhythmic drop.
Treatment with amiodarone (400 mg'dsy)
was started in 1988. There were no further
recurrences of tachycardia. Before treatment
with amiodarone was started the pstient wes
clinically cuthyroid, with no goitre and coe-
centrations of thyroid hormones within aor-
mal range and no thyroid autoantibodies.
Two years lster he attended the outpation

Table 1 Clnical stare and hormone concentratims in pansent |

Time (wih) 0 I 18 1 2 35 17 14
Chlinic EL EU EU EU AIT BU EUTSH EU
goiter BH normal vT
Treatment start A start C+K  C+K C+K stop
Serum amiodarone mmaoll 0 12 (R ] 09 [ 2]
Serum desethylamiodarone mmol/t " 4s 0-8% [ ) 09 (2]
TSH mUN 54 [ 36 LON <01 <0-1 16 [ ]
T4 (nmol) 93 100 14% 218 260 170 110 "
FT4 (pmolN) 133 08 20 39-8 233 170 184
T3 (nmolN) 150 178 1 3% 316 2-30 1 00 .
T3 (nmolN) 024 "3 0377 t10 0-84 0%6 (X )
TG (nﬁt:Al) 32 175 1M 1700 820 200 e
TeAb b se= -i-

AlT, smandaronce induced thyritexsanes, €, carlumazol, FU, cuthvroad (dinscal); FT L, free T4 K, potassiom perchiems,
i b ey

McAb, mictosomal antibvdws; ), revere 13
TSH, thyroed sumulatmg homone

'V insdothyronine; T3 thyrozwse,

TpAb, thyrogh
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Table 2 Clinscal state 20d 1emmome ottt 1 v

Fome (nneiny o !

Cline (R [ AT

| reatment N ETINY

Scrum simedaroae immnt |- 2
Scrum desethivlamundaronc vk

TS omaed, " K]

F1cnned (R (N 18]

LA uned 1y tos
Iy (nmdld [ras [
ol YVinmolth (I "o

TG (ng/ml. (A “ [RIN

TgAb McAb

o dir 44 FL
A [N [RUS I A AFTYSTYTINY R N
satc o+ K ¢ + K C + Kstep
Je N 1o 32
g 2S 22 24
T T <y (LN} LN
e 2 270 J6s
. AN vt 20t AL
S 2o 1 S0 1 a0
(Y [N [N oFT 072
5% & 44 Q5

AlT. amiodarone induced thyrotoawes, . vartimazol. EL

cutinrond -chimcal - FT4, free T4, K. potasuium perchiorate.

AMcAb. micnmomal anubedics. rT3 reverse T3 T3, tmiodothiremne. T4l thvroxine. TgAb. thvroglobuline  anhbodies.

TSH, thyrudd sumulating harmone

depantment complaining of dysphagia The
physical examinauon showed noe evidence o8
hypothvroidism but a tender difluse goitre
was palpable. Thyroid hormonce concentra-
tions were within the normal range. but the
concentration of thyroglobulin  was high

because of the goitre. Fwo moaths T ‘TSH

was abnormally low and thyroxinge was abnor-
mally high, although the patient sull showed
no clinical signs of hyperthvroidism.

Two months latcr. when the cumulatinve
dose of amiodarone was 40 g. chnicai ovent
thyrotoxicosis suddcnly developed: the tendes
gosre was sull present. Thyrosd stonudating
honnone CI'SH) was undcetectable: thyroxine
(1'4), frce thyroxine (1°1'4), and trnodothvro-
nine (T3) were raised: the thvroglobulin
concentration had incrcasce lurther.
Concentraunons of amodarone and desethyvl-
amiodarone were 1n the therapeutic range
(table 1). Because the ervthrocyte sedimenta-
tion rate was normal and because the goiue
had been present for more than two months
we excluded the diagnosis of subacute thy-
roiditis of the Guervain type and disgnosed
amiodarone induced thyrotoxicosis.

Trcatment with carbimazole (40 mprsdayv)
and potassium perchlorate (1 g/dav: was
started and trcatment with amiondarone was
continued.  Clinical  cuthyroidism  was
achieved after 2 months. I'SH wa- still unde-
tectable, but T4 and T3 comeentrations were
almost normal. The TSH concentranon
became normal atter 4 maonthe Fhe thvroid
gland was still shightly calutged bur noe longa
painful. The anuthyrosd mcdication  was
stopped.  Although  treatnent wnls aino-
daronc continucd clinical and biochemea’
thvrosd dysfunction dud not recur e the noewe
I8 months. The goitre was no longer palpa-
ble. Ventncular  tachivaandig recurred and
amiodaronce and descthoblimuedaron coan eon
trations were below the therapoeute tanee of
0-2 and -4 mmol’l respectively The con
firmed our suspicion that the pattent had
stopped taking amicdarone between week
4045 of the foliow up.

CASE 2 (TABLE 2;
A man bom in 1936 had an inferolateral and
right ventricular myocardial infarcuon com-

pheated by cardiac aneurvsm. scverc mitral
valve regurgitation. and poor teft ventncular
function. Late ventnicular tachycardia was
treated with several antiarthvthmic drugs (fle-
camide.  chinidin,  disopyramide:  without
suceess until amiodarone was started (800

_mue dave. Before trecatment with amiodaronce

the patent was chmically and biochemacally
cuthyrind. When the dose of amiodarone was
reduced o 200 mg ventnicular tachycardia
revurred: a daily dose of 400 mg prevented
tachycardia.

After 37 months, when the cumulative
amndarone dose was bt g, ovent amtodarone
nduced thveotoxicosts developed. Scrum T4
and 1714 concentrations were cxtremely high.
One week later thyroxine and triiodothyro-
nine  concentrations had already fallen
shghtly. Treatment with carbimazole (40
mg dav) and potassium perchlorate (1 g/day)
was started, while amiodarone medication
was continued. The patient became clinically
cuthyroid after two months. When the thyroid
stimulating hormone concentration became
normal six months later, the anti-thyroid
medication was stopped. Though he con-
tinucd o take amiodarone, confirmed by
mcasunng the serum concentrations of amio-
darone and desethylamiodarone, thyroid dys-
function did not recur during the follow up of
seven months. The patient died suddenly at
home.

Dliscussion
Anmuedatone induced thyrotoxicosis in these
(o panents was transient. It was successfully
nuned with a2 short course of antithyroid
diugs while amodarone was  continued.
When anuodarone s stopped  because of
annadarone induced thyrotoxicosis life threat-
crng tachyveardss can recur. Under these cr-
cumstances  total  thyroidectomy  has been
arhodcated o allow  treatment  with  amio-
dirone te continue.® 1t is remarkable that a2
shurt wourse ol antithyroid drugs restored
cuthvrordisin, and that the patients remained
cuthwrond despite continuing treatment with
atmindaronc. .
‘T'he mechamism of effects of amiodarone
o the thyrowd is multifactonal and largely




*
.

L ey

gt

- T Pl ¢ R bt WS

“.
.

=

V]

-~ -,

s

’

PN

—_—

1

unknown.  Although  auto-ummune  elaed
thyrotoxicosis has been teported atier anne-
daronc treatment,® ncither of our patients had
a goiter or thyrowd anubodies belore amio-
daronc¢ trcatment and anubodics did not
develop duning follow up

These  data suggest  that anuadarone
induced thyrotoxicosis has a pecuhar patho-
genesis. When intrathyroidal amiodaronc con-
centrations exceed a threshold, cell damage
leads to thyrotoxicosis when the contents of
the thyroid leak into the bloodstrcam. The
intra-thyroidal concentration of amiodaronc
too would decrease, allowing repair and the
restoration of cuthyroidism. If this hypothesis
is true, continuation of amiodarone treatment
might eventually lesd to a recurrence of thyro-
toxicosis when the intrathyroidal amoidarone
concentration again exceeds the threshold.

[IERT aN RIVIFRYIRT LY 31

In our patnents the follow up period was
probably too short for a second pened of
thvrotoxicosis to develop.

I Trp MDD Wieranga WAL Pomp Tha  Inculence pee-
drctatality and pathegencas of anuoadarene mduced
teqoieosis and haporhavroaddean dae 7 AL 1901 91
RILF AN I

2 5tk TC, Godiner JR. Brennan MDD Camer JA
Pathology of the thyrord n amwdsronc-associsted dy-
rotoxacesis Am T Surg Pathod 108711 197204

3 Maruno E. Aghimi-Lombardy F. Manown S Trestmenr of
amiodarone associated thyTutoxicons v the uimuktane-
vus administestion of potasstum perchioraic and ety
nazole J Endacrinol Invesr 1986.9:201 -7

1 Rewchent LJM. de Roov HAM  Trestment of amindarone
nduced hypenthvrordism with potessium  perchiorste
and methimazok dunng amidarone treatment Br Med ]
1989,298 1547-8

S Brennan MD. van Heerden JA, Camev JA Amwodarane-
associated thynuoxicinis (AAT): Expenence with serpad
management. Surgery 1987:102:1062-7

6 Martino E, Maecchis E. Aghhimi-Lombeardi F, v d b
humocal thyroid sutoimmunity relevant in Amsodarone-
induced thyrotusicosis (AIIT)? Chn Endocrinad 1934,34
627-33.
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Figure | Predicied risk of death (and 70% Cls) for a pancnt prescnung a1 13-9 months
of age with moderate obstrucnion of the kﬁ wnmcular outflowr tract plotted aganst level of
obstr Jfrom a sol to d by of hazurd analysts

(appendix 1).
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Figure 2 Predicted freedom from fira chmcul ctemt (operation, balloun didatation or
endocardinns, and 70% Cls) for a p pre. 2 at )J 9 months of age with mild
obstruction of left veniricudar wvlow rdel wethout sort regurpianon ploned against level
of vhsrrucriom from squatens develeped by meant of hazand anah~s (uppendiy 1),

Incidence and prognosis of obstruction of
the left ventricular outflow tract in
Liverpool (1960-91): a study of 313
patients

D Kitchener, M Jackson, N Malaiva, K Wakh, |
Pean, R Amold

We regret that owing to a printer’s error figure
1 and figure 2 in this article in the June issue
(Br Hearr 7 1994;71:588-95) appeared in the
wrong order and with the wrong legends. The
corrected versions are reprinted on the left
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not able to expectorate his sputum due 10 muscle weakness, a Cook
minitracheostomy was introduced in order 10 allow endotracheal suc-
tioning. On the Sth day after minitrach insertion the cannula dislodged
from its flanges and was inhaled. On a chest X-ray it was focated in the
feft mainstem bronchus (Fig. 1). The paticnt was reintubated and 1he
cannuia was removed by rigid bronchoscopy. Following this ¢pivode the
paticnt experienced another myocardial infarction, accompamed by Ielt
ventricular and respiratory failure. In face of the poor prognosis, Tur-
ther treatment was discoatinued and the patient died two days later.

The Seldinger technique is theoretically a useful method for intro-
ducing a minitracheostomy. A ‘fausse’ routc is less likely to occur, and
bleeding is tamponaded directly by the dilators. The material of the
Cook minitracheostomy is softer than the Portex and is less likely to
cause damage to the subglottic region.

This case however, shows that the cannula could losen from its
flanges. The reason for this is unknown, since another minitracheosto-
my cannula could not be separated by pulling forcefully. It is possible
that saliva and sputum changed its consistency and loosened the fixa-
tion with which the cannula is clasped to its flanges.

We feel that the design of this cannula needs further investigation.
In the meanwhile Cook has withdrawn this type of minitracheostomy
from the market.

Yours faithfully
J.C.M. Beenakkers and Ch. P. Stoutenbecek
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Methaemoglobinaemia:
an unusual case report

Dear Sir,

We should like to report an unusual case of methaemoglobinaemia.

A 42 year-old man was involved in an accidental shell blast, We ad-
mitted a conscious patient, with blood pressure 150/80 mmHg, heart
raie 90/min and spontaneous hreathing {(oxygen concentration 40%).
He showed a complete lelt furcarm section, burns of the left orbital re-
gion (area $%) and of the low litnb (area 20%4) associated with a thigh
wound caused by a shell-splinter. Under general anesthesia, the left
forearm was amputated. Meanwhile, despite normals blood gases
analysis (pH 7.39, P40, 19.8 kPa, PaCO, 5.1 kPa, 520, - calculated
— 99.3%) the blood colour remained dark. A gradual F10, increase

{trom 0 .40 10 0.65) and a positive end-expiratory pressure were without
any effect.

At dav 1, despite a normal haemoglobinaemia (13.9 g/dl) and a sat-
islactacy blood gas analysis (pH 7.38, P30, 14.1 kPa, PaC0, 5.6 kPa,
Sat), 99 7% we noticed a brown-red coloured blood during arterial
punctures and cyanocs of the extremitics. Biochemical imestigations
showed: carboryhaemoglobinaemia: 0% (normal value: (1% 10 %),
methacmoglobinaemia: 28.7% (normal value less then O.R%%).

The niine clearance departement communicated to us the resulis of
the bomb contents: a $4 kg German shell, manufactured in 1916, that
contained {4 kg explosives: 60% potassium perchlorate (8 kg). 40%
dinitrobenzene (6 kg) and a small amount of picric acid (0.1 kg) and
melinite (0.1 kg). We diagnosed a moderate methaemoglobinaemia
{28.7%) due to dinitrobenzene and/or potassium perchiorate.

The patient was treated with intravenous ascorbic acid (1000 mg)
and a $ h continuous infusion of methylene blue (150 mg in 250 m! $%
glucose solution).

Toxic methaemoglobinaemia is due to oxyhaemoglobin ovidation,
usually caused by chemicals or drugs. Our report of methaemo-
globinaemia following a shellblast is more uncommon, and two chemi-
cals may have been involved potassium perchlorate and dinitrobenzene.
Potassium perchlorate gives methaemoglobinaemia when it is ingested
and this cannot be evoked in our case report. Here, the most probable
mechanism was absorption after cutaneous spraying, which has already
been described in the literature (3, S|.

The diagnosis of methaemoglobinaemia should be suspected on
clinical signs. The major sign is cyanosis, predominan( on extremities
and lips. The blood is “chocolate-brown™ coloured, contrasting with
normal gas analysis. Others signs are vertigo, nausea, vomiting when
the methaemoglobinaemia is between J0% and S0%. Tachvpnoea and
cardiac signs exist when the amount is about 70% [2]. The major prob-
lem it 1o cvoke the diagnosis. 1t may be simple when clinical signs are
obvious or when the history suggests an intoxication. Otherwise, it is
miore difficult: either clinical signs are poor, like in our case, or the situ-
ation has only been recently described, like methacmoglobinamia
following smoke inhalation {1, 4]. One must keep in mind the paradox-
ical sitvation of a “chocolate-brown™ coloured blood with cvanosis and
normal arterial blood gases.

Methaemogiobinaemia should be quantified in every case of a war
device explosion if there are clinical signs were may suggest this pathol-
ogy.

Yours laithfully,
P. Laure and F. Stierle
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Thyroid Hormones and Iodine Requirements in M2n during Brain
Developmeat

Intreduction

The dependence of human brain maturation oa thyroid hormone has loag been recognized.
The amalpenod"fothdepmyubownwmndhmbmhw3mofm
with & progressively decreasing dependence over that interval ™ Coasidersbie
information has sccumulated during the last 20 year ers of newborn thyroid screening to
quaatify the thyroid hormons requirement during this period. Recent evidence in rats and
socunuisting dats from geographic areas of endemic iodine deficiency suggest that the
critical period of dependency of brain maturation ca thyroid hormoaes extends to
intrauterine fe.*® There is Emited data to characterize the timing of this intrauterine
dependency or quantify the thyroid requirements. The goal of this report is to review the
available information defining the thyroid hormone and iodine requirement during the
period of human brain maturation.

Thyroid function in the human fetus becomes manifest near the end of the first trimester of
gestation *'® Embryogenesis of the hypothalamus, the pituitary and the thyroid gland are
largely complete at this time and the thyroid follicular cells are capable of iodorhyronine
synthesis. The system, however, remains relatively insctive uatil midgestation; oaly low
levels of TSH and T4 are measurable in fetal serum until 18-20 weeks after which time
there is a progressive increase in serum TSH, TBG, total T4 and free T4 levels, all of
which plateau at 35-37 weeks. During the latter half of gestation thyroid system
development involves complex intersctive maturation of kypothalamic-pituitary-thyroid
control, peripheral iodothyronine metabolism, and thyroid hormone action at the cellular
level ~

There is 20 information reganding the timing of thyroid hormone dependence for various
organ systems of celluler maturstionsl events in the humes fitus sad 20 Quantitative deta
regarding the meturation of fistal thyrold hormone production or utiization. Qualitative
aad quantitative infbrmation have beea developed in the fital sheop in which species
thyroid system maturation clossly resembles that in the humen $otus.®® The timing is
compressed to a 150 day gestation period whereas gestation in the human species
continues for 40 weeks or 280 days. The final period of thyroid system maturation in the
sheep fetus occurs over a period of 70-80 days, and the last third of gestation in this
specics covers 3 time internal of 50 days.



Prominent features of the maturing thyroid metabolic system in the human and sheep
species include:

1. Limited permeability of the placenta to thyroid hormones. There are
marked transplacental gradients of thyroid hormones at all stages of fetal
maturation, and fetal thyroidectomy markedly reduces fetal serum T4 levels
during the latter half of gestation.

2. Extrahypothalamic productios of TRH. This system may function as an

3. Fetal productioa of inactive thyroid hormone analogues. This may be
important to minimize fetal catabolism and enhance anabolism in most fetal
tissues.

4. Mechanisms for supply of active hormone o selected fetal tissues. These
tissues are characterized by the early appearance of T3 nuclear receptors
and the Type II MDI to provide preferential local T3 production.

S. Programmed activation of thyroid hormone responsiveness in individual
tissues.

This system has been characterized as pluralistic. *V Each tissue or organ is relatively
unique with regard to its role in thyroid metabolism and its dependence and timing of
sppearance of dependence on thyroid hormones. Most tissues are protected in utero from
the actions of thyroid bormones, and in the sheep there appears to be a hierarchy of
sppesrance of thyroid effects in various tissues as follows:

Selected tissues are protected by rapid conversion of thyroxine to inactive analogues, by
the delsyed appearance of thyroid suclesr receptors and probebly by programmed
maturstion of geactic expression and protein synthesis in response to thyroid hormone
receplor activation. .

Recent studies of thyrold hormone plasma MmhuuMdmh
the fatal shesp are summarized in Table L. predominant metabolites are T4 sulfite
(T4S), reverss T3 sulfite (¢T3S), and (T3. nmn ms.mmmaao.uy



Table 1. ledethyroaine Production in Fetal
| Sheep®

Iedethyreniae Bloed Production Rate

(sg/kg/day)

T4 20-40

T3 S

n 2

T4S 10

1138 12

138 2

Bioinactive analogues

ITI+T4SHT3IS 27

Bioactive analogues

T3+T38 4

From Polk et al, Am J Physiol 266:E892,1994

inactive 30 that caly 10-15% of T4 in the fetus appears to be metabolized to active
circulsting thyroid hormone. Thus, thyroid metabolism in the third trimester sheop fetus is
characterized by s relative deficiency of Type I, §'iodothyronine monodeiodinase in
peripheral tissues and by active sulfition of thyroid hormones and analogues, probably
predominantly in fiver. There is evidence that T3S can be desulfated in vivo in adult rats
and may serve as a source of active T3 in the fetus, but T3S production also is Emitéd.

It is known that brain maturation in the sheep fetus is thyroid hormone dependent fom
approximately 90 days (0.6) of gestation. The fraction of T4 metabolized to T3 in brain
tissue during the last 0.4 of gestation is not known.

Premature iafhnts are bora with aa immaeture kypothalamic-pituitary-thyroid axis. As
siready decussed, acuroeadocring control of TSH secretion sad thyroid glaad TSH
responsivenses meture during the latter half of buman geststion (20-40 weeks), and there
is & progressive increass during this time of serum TSH, TBG, T4 and froe T4
concentrations with s platesu at 35-36 weoks. ™™ Thyroxine production rate data

this period are act evailable. Premature infants are born with T4 and free T4 levels
refiecting their gestation age and although there are increases in T4 and free T4
concentrations at the time of birth in response to s relatively ocbtunded TSH surge in the
carly minmutes after birth, this transient (relative) hyperthyroxinemia subsides within 3-4
days and the hypothalamic-pituitary thyroid axis maturation continues to mature in the
extrauterine enviroament. Over subsequent weeks there is a progressive increase in serum
levels of T4, free T4, T3, free T3, and an increasing free T4/TSH ratio.



Fuse and colleagues from Tokyo charscterized maturation of thyroid function

Table 2
Characteristics of the Longitudinal Study and Term Infants®
Birthweight Gestation Age Ne. Infants
(Grams) (Weeks)
765112 25.021.6 12
16912237 32626 s
2240158 35.320.7 9
31332319 (Torm) 39.01.1 131
*From Puss Y ot al, J Devel Physiol 14:17,1990

nummmmmmmmmsm
March 1986.9° range from 588 to 2477 grams and gestation age from 23 to
39 weeks. A cohort of 131 term infants weighing 2516 to 3912 grams with gestation ages
of 36-41 weeks also were studied. Twenty six of the infants were studied longi
with weekly testing for a period of 14 weeks. The characteristics of these infants are
shown in Table 2. Figure | illustrates the pattern of maturation of serum free T4 and free
T4/TSH ratios in the study infants. Thyroid control axis maturation resembled that in the
in utero fetus during this 14 week period. Free T3 levels in these infants (not shown)
increased progressively to the mid level of term infants by 14 weeks and maturation of the
Free T3/TSH ratio resembled that of the free T4/TSH ratio.

Van Wassenaer and associstes from the Academic Meodical Center, Amsterdam treated 3
groups of premsture infants ranging in age and weight from 25 t0 29 weeks gestation and
65000!415gmwlhmyhdwﬂa+&ymdmmuh6mahof
Characteristics of the three groups of infants snd dosage of thyroxine ere
ammdn'l‘ﬁh) The three groups of infants were treated with 10 ug/kg/day
mt).cwaywz)uswmms)dm-m—-u
drawa for thyroid hormons messurements at weekly intervals. A comparable group of
control infants was included, but messurements were costiaued for caly 3 weeks in thess
infats. The patierns of chenge in plasms free T4 conceatrations in the three groups of
infhnts are shown in Figure 2. The thyroxine therapy incressed reverse T3 coacentrations
in proportion 10 the dossge but did act increase T3 conceatrations relstive 10 control
infiats. Plasma TSH levels were suppressed ia all of the trestment groups snd were
maintained in the 4-7 UL range (for the 3 weeks of measurement) in control infknts.



Tabdle 3
Chanacteristics of the Three Premature
Infant Treatment Greups

Gestation Age | Birthweight Ne | Doseof Td
Mean/Range | Mean/Range | Infants | ug/kg/day
(Weeks) (Grams)
Group | 27 104S 13 10
26-29 300-1300
Group 2 28 1170 10 $
26-29 $80-1335
Group 3 p 1200 10 6
25-29 650-147S

Normal free T4 levels in premature infants were available for only 3 weeks in the
Amsterdam infants so that the normal mean values developed by Fuse and colleagues in
Tokyo are shown in Figure 2. The free T4 measurements were conducted in Amsterdam
using a two step RIA method; Fuse et al utilized the Gamma Coat Clinical Assays kit
(from Travenol Laboratories). The upper imits of the normal term infant range in the two
studies were 3$ and 65 pmol/L respectively. Thus s correction factor (0.53) was utikized
to transpose the Puse normative data to Figure 2. Rt is clear from Figure 2 that the normal
T4 production rate is less than 6 ug/kg/day for premature infants of approximately 26-36
woeks gestation age in the extrauterine environment, based both on the extrapolsted Puse
data end the suppressed serum TSH levels. An estimate of T4 production in untreated
infhnts during this period of 2-4 ug/kg/dsy would seem reasonable.

Irsatment Dosage of T4 in Congenital Hvpothyroid Infants

There have beea sumerous studies of the efficacy of Na-l-thyroxiae therapy of infants with
coagenital kypothyroidiem (CH) detected in newborn screening programs during the past
2 decades. 1t is now clear that early adequate therapy will prevest or minimize the braln
damage of CH a8 measured by 1Q, school performence and asurclogicel assessments ™2
The initlel dosage of T4 in thess studies has rnaged from 6-13 ugkp/day (wsually 25-50 ug
T4 dally in the sverage torm infist). A recent study of Heyerdahi sad collcagnes s
representative.™ The mesn serum T4 conceatrations vs. T4 doss during the first 6 years
in that study are summarived in Table 4. The initial average dose (3.5 ug/ky/day)
produced & meen serum T4 levels of 193 amol/L at 6 weeks of age. The target range for
therapy (the upper half of the aormal range) is 129 to 206 amolL (10 to 16 ug/dl). As
noted in Table 1, the dose in ug/kg/day to maintain the serum T4 level falls off
progressively as the child grows. The average T4 replacement dose for a 70 kg adult with
kypothyroidism is 1.5 ug/kg/day.



Table ¢
Serum Thyreiiae Coaceatrations Relative to T4 Dese in Chilldrea with
Treated Cougenital Hypothyroidism®
Age Meaa Serum T4 Mean T4 Dese
(nmolL) (wphig/day)
29 days** 4« 8.5
6wk 193 X3
6 mo 166 50
iy 156 48
ayr 160 44
éyr 149 36
*From Heyerdahl et o, J Podiatrics 118:850, 1991
**Mean age ot onset of therapy

The indicated treatment dose in these children resulted in an average performance 1Q
measured at 6 years, of 94.4 £ 13.5 (mean and SD) for 46 children. The mean IQ of
sibling pairs was 105 t 16.4, a difference of 10 1Q points. In this study the 6 year IQ
showed 8 correlation with mean serum T4 during the first year. Children with an sverage

serum T4 < 129 amol/L. had 3 mean performance IQ of 82 at 6 years while those with a
serum T4 level > 180 nmol/L. had & mean 6 year 1Q of 97.

In snother study by Tillotson and colieagues from London, s total of 351 childrea bom
and screened between January 1982 and December 1984 were studied. ®® The T4
trestment dose ranged from 12 to 76 ug/dsy or sbout 2 to 8§ ug’kg/day with & median
approximating S ug/kg/dsy over the first year; sversge plasma T4 levels during the first
year ranged from 79 10 261 amol/L with a median approximating 170 nmolVL. Age at
start of treatment or sverage plasms T4 level during the first year showed a0 correlstion
with § year Q. There were positive correlations, however, between 1Q sad (noa-manual
va. manual and unemployed) social class and between 1Q snd plasms T4 lovel (>40 amolL
vi. <40 amol/L) at the time of diagnosis. Glorieux, Dussault and VanVist from Quebec
reported significantly lower 12 year 1Q values in childrea with pretrestment serwm T4
lovels < 26 amoll. and retarded pretrestmeat bons age (= = 12) va. children with higher
T4 values sad sormal boas maturation st birth (a = 15, IQ velues respectively 39 £ 17 va.
104 £ 10).%" In thess children, the initial T4 treatment dose raaged from 6-8 wg/kg/day,

and mesn T4 values during the first year were 134 va. 161 amol/L, respectively in the
lower va. higher initial T4 groups.

These studies suggest that more severs (fetal) hypothyroidism is associated with aa
spproximste 10 point }Q deficit relative to less severely sffected infants in spite of certy
trestment. To exclude a dosage effect in their study Dubuis aad coworkers from
Dussault’s group in Quebec studied a new cobort of CH infants and reported

results from 12 infhnts, 7 with more severe and S with less severe CH ot birth ™™ In this

study the mean T4 dose at onset of therapy was 11.5 ug/kg/day (vs. 6-8 ug/kg/day in the



carfier study). The 13 month developmental quotient (Griffiths) values wers 108 £ 10 and
113 £ 3 in the severs and less severe groups (ve. 98 £ 13 and 111 £ S in the earfier study).
From s more extensive study of 45 CH infints, the same authors concluded thet, with
earfier treatment and a higher initial dose of levothyroxine (medisn 11.6 ug/kg/dsy), the
early developmental outcome of infants with severe congenital hypothyroidism is now
indistinguishable from that of infants with the moderate form of the disease used as
controls.”” These results and those of Heyerdahl and colleagues suggest that more

intensive trestment during the first year of life can improve IQ in infants with more severe
CH at birth,

Germak and Foley have reported results of longitudinal assesement of 34 CH infants
treated with an initial dose of 10-14 ug/kg/day Na-I-thyroxine during the first yeer of
EA.7® The sverage trestment dose over the first 6 months in infants with thyroid
) was 7 ug/kg/day, the sverage dose during the

7-12 month interval was 5.5 ug/kg/dsy. Average total T4 levels ranged from 130 to 206
nmol/L during the first 6 moaths and 130 to 167 nmol/L during the 7-12 month interval.
Average fres T4 levels ranged from 26-37 pmol/L during the first § moaths and 21-32
pmol/L during the second 6 months (normal newborn range 16-35 pmol/L). There were
no developmental quotient dsts for these infants but the study documents the doses of Na-

ine necessary to maintsin the serum T4 and free T4 levels in the upper half of the
normal range in infants with congenital thyroid dysgenesis during the first year of ifo (11.5
ug/kg/day at birth, 7 ug/kg/day st 0-6 months and $.S ug/kg/day during the 7-12 month
period).

From thess several studies it is possible to develop a plot of thyroxine replacement dose/
utilization rate versus ags betwesa 24 woeks gestation and 2 years of postastal age. This
plot is shown in Figure 3. The cstimate for 24-40 weeks gestation, 2-4 ug/kp/dey, was
daivdﬁon!'hnz Upper aad lower ranges for this period probebly are in the 1-6
ug/kg/day rangs. The remaining curve was developed from the data of Heyerdahl and
m-&w&u&,""" Rt is dificult to be precise in such estimstes
because data were derived from ol replacement therapy. Absorption sasy be incomplete
and varishls. Moreover, the thyroxine replacement doses in infhats with CH were
sdministered %0 meintain serum T4 aad free T4 lovels in the upper haif of the aormal

renge. ummunua-&uw-—u
conceatrations would lesd t0 overestimation of the endogenous T:

4 production/tilizstion
rate in suthyrold infants. mmuhmsmumum

sssuming & 70% sverags sheorption rate. ™ There are 20 estimates of plasma production
rates of T4 in humen infints.

Jedine Reanirements during Preenancy, Infancy and Chlldheod

The daily intake of iodine recommended by the Natioaa! Research Council (NRC-USA) in
1989 was 40 ug/day for young infants (0-6 months), 50 ug/day for older infants (6-12
m&co-xoowum-o-lom).ulsowumu
adults."™ These values, coaverted to sverages in ug/kg/day approximete 7,5.5,4 and 2



ug/kg/dsy respectively. These amounts are proposed to allow normal T4 production
without stressing the thyroid iodide trappiiig mechanism or raising TSH levels.

The appropristeness of these recommendations has been receatly further discussed aad
partly questioned.®" The figure of 150 ug lodine/day for sdolescents an adults is justified
by the fact that & corresponds to the daily urinary excretion of iodine and to the iodine
content of food in non endemic areas.®® It also provides the iodine intake necessary to
maintain the plasma iodide level above the critical imit of 0.10 ug/dl, which is the sverage
level ikely associsted with the caset of goiter.”™ Moreover, this level of iodine intaks is
required to maintain the iodine stores of the thyroid above the critical threshold of 10 mg,
below which sa insufficient level of iodination of thyrogiobulin initistes disorders in
thyroid hormons synthosis ®*

The iodine requirement during pregnancy is increased to provide for the needs of the fietus
and t0 compensste for the increased loes of iodine in the urine due to increased reaal
clesrance oliodide during pregnancy.®” These requirements have decived from studies of
thyroid function during pregnancy and in the neonste under conditions of moderste jodine
deficiency; sn example is Belgium where the iodine intake is estimated st 50-70 ug/dsy.®®
In such an eavironment, thyroid function during pregnancy is characterized by a
progressive decrease of the serum concentrations of thyroid hormones and an increase in
serum TSH and thyrogiobulin. Thyroid volume progressively increases and is above the
upper Imit of normal in 10% of the women by the end of pregnancy. Serum TSH and
thyrogiobulin are still higher in the neonates than in the mothers.”” These sbnormalities
are prevented only when the mother receives a daily of 163 ug lodide/day
during pregaancy (100 ug/kg and 100 ug thyroxine).”" These data indicate that the iodine
intake required to prevent the onset of subclinical hypothyroidism of mother and fetus

during pregnancy, and thus to prevent the risk of brain damage of the fetus, is in the range
of 200-250 ug/dsy.

The US recommendation of 40 ug iodine per day in infants aged 0 to 6 months (or 8
ug/kg/dey, 7ug/100 Kal, S ug/dL milk) derives probably for the cbservation that, up to
the late sixties, the iodine content of breast milk approximated S ug/dL aad from the
concept that mutrition of the breast fad infhat growing at & sstisfactory rate has been the
standurd against which sutrition requirements have beea 30t ™ However, more recest
dats indicate that the iodine content of breast mik varies markedly as & fisnction of the
iodine lntaks of the population. For it ranges from 2 10 33 ug/dL in Burope sad
from 3 10 49 ug/dL in the United States. It is 28 low as 1.2 wg/dL In conditions of
sovere iodine deficiency ®° Aa sverage bresst milk intake of 700 mi delly would give an
intaks of iodias of sbout 56 ug/day in Burope and 112 ug/day in the Usited States. The
upper United States value (49 ug/dL) would provide 343 ug/dey or 68 ug/kg/dey foxr a $
kg infint. Jodine balance in the young infhat, which is required $0 accommodate the
increasing iodine stores of the thyrold, is achieved only whea the iodine intake Is at least
15 ug/kg/day in full term and 30 ug/kg/day in preterm infants ®® This corresponds
approximately to an jodine intake of 90 ug/day, a value 2 fold higher than the US
recommendstions. Based on these considerations, the present recommendation by WHO
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is an lodine intake of 90 ug/day from birth cnwards.“® To reach this objective, and based
oa an intake of milk of sbout 150 mbkg/day, the iodine content of formula milk should be
increased from $ ug/dL to 10 ug/dL for full term and 20 ug/dL. foc preterm infants.
Considering s urine volume of sbout 4-6 dL per day from 0-3 years, the urinary
concentration of iodine indicating iodine repletion should be in the range of 15-22 ug/dL
in infants aged 0-36 months. Such values have been observed in iodine replete infants in
Europe'® in Canada and in the United States.**? In coaditions of moderats iodine
deficiency as seen in Belgium, the sverage urinary iodine concentrstion is only $-10 ug/dL
in this age group and resches & stable normal value of 18-22 ug/L oanly after sevenal
moanths of daily supplementation by a physiological dose of 90 ug/kg/dsy. Figure 4.

When the urinery iodine concentration in neonstes and young infhats is below & threshold
of 5-6 ug/dL corresponding to aa intake of 25-35 ug/day, there is & sudden increase in the
of aconatal serurm TSH values in excess of 50 mU/L indicating subclinical
hypothyroidism and eventually complicated by transient necaatal hypothyroidism 9
When the urinary iodine concentration is in the range of 1-2 ug/dL, as observed in severe
endemic goiter regions, up to 10% of the neonates have overt severe hypothyroidism with
serum TSH levels above 100 mU/mL and serum T4 values below 3 ug/dL (39 amolL).*®

wmmmwmmmdmm
cretinism “°

muwwammmmlswayoo
subclinical

the risk of brain damage, occurs when the iodine intake is about ome third of this value,

and dramatic necaatal hypothyroidism resulting in endemic cretinism occurs when the
intake is sbout one tenth of this value.

The daily iodine noed on & body weight basis decreases progressively with age. A study
by Tovar sad colleagues'™™ correlating 24 hour thyroid radiciodine uptaks and urinary
iodide excretion in 9-13 year old schoolchildren in rural Mexico suggested that an iodine
intake in excess of 60 ug/day is sssociated with a 24 hour thyroidal radiciodine uptake
below 30%. Lower excretion values are associated with higher uptake values. This

would spproximets 3 ug/kg/day in an average sizs 10 year old 50 thet 60-100 ug delly
intake ia & 1-10 year old child would seem sppropriste.

Figure 5 summarizes iodine aceds as recommended by the NRC and by the authors
respectively.

b&nmﬁomhkﬂlb&ﬁwﬁ&iﬁub’%hmd
syuthesis and release of thyrold hormones (Wolff - Chalkoff effect).
mﬂ‘h&nhﬂbbwmlﬂoahmqwmmhh
conditioned by the level of iodine intake before exposure to iodine excess. Indeed, long
standing moderate iodine deficiency is accompanied by aa accelerated trapping of iodide
and by 8 decrease in the iodine stores within the thyroid ®® Ia these conditions, the
critical ratio between iodide and total iodine within the thyrold, which is the starting poiet
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of the Wolff-Chaikoff effect, is more easily reached in conditions of iodine depletioa than
in normal conditions.® In addition, the neonatal thyroid is particularly sensitive to the
Wolff-Chaikoff offect because the immature thyroid is unable to decrease lodide clearance
to compensate for increased iodine intake.‘”

It is for these reasons that transient neonatal hypothyroidism or transient hyperTSHemia
foﬂowhn&umbdoﬂhom especially after the use of povidone iodine, has

been reported more frequently in European countries such a3 in Belgium, France, and
Germany which hsve prevailing moderste iodine deficiency.™**”

In a study in Belgium, iodine overioad of mothers (cutaneous povidone iodine) increased
the breast mikk iodine concentration sad increased newbom ioding excretion of term
infints (mean weight about 3 kg). Mesn milk iodine concentrations of 18 ug/dL. and 128
wmmmmmmmmmwuwu
184 ug'dL, respectively. ™ Estimated sverage iodine intakes would be 112 and 736 ug
daily, or 37 and 245 ug/kg/day, respectively. The lower dose significantly increased the
peak TSH response to exogenous TRH but did not increase the (secretory) area under the
TSH response curve. The larger dose increased both the peak response and secretory area
as well as the bascline TSH concentration. Serum thyroxine concentrations were not
altered, however. Thus, these infants had a mild and transient, compensated hypothyroid
state. Noa contaminated mothers secreted breast milk containing 9.5 ug of lodine/dL., and
the mean urinery lodine concentration of their infants was 14.4 ug/dl. These data indicate
that modest lodine overioeding of term infants in the nconatal period in an area of relative
dietary iodine deficiency (Belgium) also can impair thyroid hormone secretion.

Similacly, studies in France indicated thet premature infants exposed to cutaneous povidine
jodine or flucrescinated alcohol-lodine solutions, and excreting iodine in urine in excess of
lOOu.ddy manifested decreased thyroxine and increased TSH concentrations in
serum. ™ The extent of these changes was more marked in infants lees then 34 wecks
geststion then is 35-37 week prematures; full term infants were aot affected. These
studics suggest thet in Europe the upper Emit of iodine intake which predisposes to
blockage of thyrold secretion in premature infants (sbout 200 ug dally) is 2 t0 3 times the
mhﬁhhﬂﬁ.ﬂ“qﬁvﬂubhw"dm

uuumummuummmm
hypothyroidism Is rarely secn, perhaps because the iodine intake is much higher. la
example, winery concentrations in ascastes of 50 ug/dL. and sbove which can

cosrespond
%0 & Wolli-Chalkoff offect in Europe are frequently seen in healihy nconstes in North
America !4

mmmmaumhummmmummu
whole cow’s milk, was estimated by the “market basket” spproach ®® The meen intake
by infhats was 576 ug/day (standard deviation 196) and that by toddiers was 728 ug/day
(SD 315). The corresponding value for adults was 952 ug/day (SD 589). The upper
range for infants (968 ug/day) would provide a daily intake of 138 ug/kg for & 7 kg infant,
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and the upper range for toddlers (1358 ug/day), would provide a daily intaks of 90 ug/kg
for a 15 kg toddler.

Table $ summarizes the recommended dietary intake of iodine for age and approximate
level of intaks which appear not to impair thyroid function in the European studies of
Delange in infants, in the loading studies of adults in the United States, or during ingestion
of the highest estimates of dietary intaks (just reviewed) in the United States. With the
of the values for premature infants, these “probably safe”™ kmits are 15 to more
than 20 times the recommended intakes. These data refer to all sources of iodine intake.
The sverage lodine content of infant formulas spproximates $ ug/dl or 50 ug/L. The
upper limit probebly should be one thet provides a dally iodine intake of 0 more then 100
ug/kg. Given this Imit end assuming the total intake to be formuls, with a dally intaks of
150 ml/kg (100 Keal/kyg), the upper limit of the iodine content of formuula would be about

63 ug/dL. mmwwdm-mmmsumm
(50 ug/dL) would seem reasonable.

Table §
Recommended Dietary Intakes of Iodine
and Prebable Safe Upper Limits +
Age Dietary lodine Intake
(qqﬂg)
Recommended Upper Limig*
| Premature Infants 30 100
Infhats 0-6 Moaths 1§ 150
Infhnts 0-12 Months 7 140
Childrea 1-10 Years 3 50
Adolescenty/Adults 2 30
S
+ Ses Test for Details
Ssmmary aad Concinaiens

The low fres T4 lovels and low productioa rats of T4 in the promature infaat represent &
state of relative hypothelamic immaturity since the responses 90 TRH and TSH are intact,
excluding pituitery and thyroid deficiency. There is a0 evidence that this transiont
hypothalemic immeturity

leads 10 marked IQ damage in the healthy premature infint.
However, 2 5-10 point 1Q deficit canact be excluded.

The studies of Tillotson and coworkers, Heyerdahl ot ol, and the Quebec investigators
suggest that supraphysiological levels of thyroxine maintsined during the first year of ife
mWQMWmlOMhMMIMw&Md

W(mmmum“um<
40 amol/L). Whlmdhmcdhﬁwuuhpundd
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thyroxine dependency of brain maturation includes the third trimester of gestation. Fetal
thyroid hormone deficiency during this period appears t0 sccount for approximately 10
points of IQ. Severs thyroid hormone deficiency during the first 6 months of kfe leads to
an average loss of some 30 points of JQ. The extent to which the entire curve of IQ loss
versus age is shifted to the left and downward by severe fetal hypothyroidism and the time
period of intrauterine brain vulnerability are not yet clear.

The dats from Figures 3 and § indicate that the threshold iodine need of 6 10 14 ug/kg/day
during the first 2 years of life comperes to a thyroxine utilization rate of 3 to 7 ug/kg/day.
Since tiyyroxine is 64% iodine by weight, iodine need exceeds thyroxine iodine turnover in
the infant with sormal, acnstressed thyroid functioa by 3-4 fold. This is due to thyroid
folliculer cell immeturity. Thyrold gland function in the late gestation fotus and premsature
infant is characteriaed by low concentrations of thyrogiobulin per mg thyroid tissue,
relatively high conceatrations of thyroidal inorganic lodiae, low orgasic iodine stores, and
high rates of thyroglobulin secretion. ™ Thus, organification appears to be relatively
inefficient making the premature infant more susceptible to hypothyroidism induced either
by iodine deficiency or excess. Delange et al. have recommended an intake of iodine of 30
ug/kg/day in premature infants.*? The term infant in areas of marginal iodine intake also
is at risk for transient hypothyroidism ®

The risk of iodine overiosd producing bypothyroidism with iodine supplementation is
significant in the presasture infant whaere the recommended and upper kmits of iodins
intake diffier by oaly 34 fold.(Table ) Ia full term infants and children the recommended

and upper limits differ by 10-20 fold and usually encountered or supplemented dietary
intakes would provide little risk of overiced.

As shown in Pigure 2 thyroid hormone utiization/production ia the premature infhat
appears 10 be relatively low; serum FT4 levels are raised considersbly sbove control levels
and serum TSH vakues are suppressed by a T4 dose of 6 ug/kg/day. A T4 production rate
in the “normal” premature infant of 3-4 ug/kg/dsy was estimated (Figure 3). This low
thyroxine production/utilization in the premsture iafhat is consistent with the cbeervation
that most infiats with CH and low cord serum T4 lovels (sveraging 30 amol/L in the
athyrold fatus) appear aormal at birth and with carly trestment meniftet acrmal 3Q values
at 6 and 10 years. The reason(s) for the marked increass la T4 sad T ‘
production/utiization ia the neonatel period in the term infhat is not clear. Incressed

and increased pulmonsry, hepetic snd carcass perfision
contribute. R is also unclear why supraphysiclogical doses of

during the first year improve JQ in the infant with sovers CH. R would sppear thet mild
hyperthyroldism relatively accelerates the processes of CNS maturation during the
extrauterine period of thyroxine dependency.
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Flgure 3

Suggested threshold and National Research Council (NRC, USA) recommended todine

intake during infancy and childhood. The suggested threshold needs were developed by
the authors as described in text.

Figurs €

Intelligence quotient (1Q) plotted vs. age for infants with congenital hypothyroidism of
severs or moderate degree with and without treatment. With low dose or higher dose
thyroxine replacement, infhnts with moderats discase usually manifest normal JQ values at
6-8 yoars of age. Infhats with severe disease treated with low does thyroxine (6-8
ug/ky/dsy) manifest 6-3 year 1Q values sveraging 10 points below values in infants
replaced with 10-15 ug/kg/day thyroxine daily st birth. See text for details.
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Attachment 4

INFORMATION ON PERCHLORATE HEALTH EFFECTS COMPILED
FOR THE PERCHLORATE STUDY GROUP



— Perchlorate Study Group

AS DEFINED BY EXPERT
WORK GROUPS

!

\

I

...an estimate (with uncertainty spanning
perhaps an order of magnitude) of

a daily (for RfD) or continuous (for RfC)
exposure to the human population
(including sensitive subgroups)

An RfD or RfC is

that is likely to be without an appreciable
risk of deleterious effects during a
lifetime.

Toxicology Excellence for Risk Assessment -



— Perchlorate Study Group

—. The estimation of these
subthreshold doses involves
several judgments

such as...

the choice of the most appropriate No
Observed Adverse Effect Level
(NOAEL) of the critical effect,

usually from animal data, and

the choice of the appropriate
uncertainty factors based on a
review of the entire database.

~ Toxicology Excellence for Risk Assessment -




— Perchlorate Study Group

SLIGHT BODY WEIGHT DECREASE
%
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DOSE (RID) OR CONCENTRATION (RIC)

FIGURE 1. The judgement of the critical effect and its NOAEL along with
the appropriate uncertainty and modifying factors leads to the estimation
of the RfD or RfC. Asthe dose or concentration exceeds the RfD or RiC,
the probability of adverse effects increases.
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— Perchlorate Study Group

UNCERTAINTY FACTORS

FACTOR* EXTRAPOLATION

H 10 AVERAGE HUMAN TO
SENSITIVE HUMAN

A 10or 3** ANIMAL TO HUMAN

S =10 SHORT TERM TO LONG
TERM EXPOSURE

L =10 LOAEL TO NOAEL

D =10 MINIMUM TO COMPLETE
DATA BASE

*These factors are as used by the U.S. EPA. Other health
organizations use similar factors. In EPA, The maximum UF
for any given data base is 10,000. Data bases weaker than this
are judged too uncertain to estimate RfD/RfCs.

**For RfCs the default UF for area "A," animal to human, is 3.

— Toxicology Excellence for Risk Assessment -



—— Perchlorate Study Group

HOW ACCURATE
ARE THESE
ESTIMATES?

ADIs, MRLs, RfDs, RfCs or TIs are
considered to be accurate estimates of
doses below a toxicity threshold,
because they are based on a review of
all toxicity data and individual

- uncertainty factors are considered to be

somewhat protective. The use of

several UFs can yield conservative
estimates.

....If you play golf, accurate drives are
generally those that land in the
fairway, although they may be
scattered over a wide area.

_ Toxicology Excellence for Risk Assessment -




— Perchlorate Study Group

!L 88688858

HOW PRECISE o

..

ARE THESE I B .
-

ESTIMATES? —1 11

J

Not very! Each uncertainty factor
varies with ranges up to about 10-
fold. Several factors are generally
multiplied to estimate a subthreshold
dose and some factors overlap,
thereby increasing variability and
decreasing precision.

..... If you play golf, precise drives are
those that consistently land in one
area of the fairway (or the creek).

Toxicology Excellence for Risk Assessment -




Perchlorate Study Group

Major assumptions, strengths &
limitations of the RfD/RfC

Major assumptions are...
a population threshold exists,
these estimates represents subthreshold doses, and

preventing the critical effect protects against all
effects.

Major strengths are...

all data are reviewed in the choice of the critical
effect and its NOAEL

uncertainties in the entire data base can be
addressed in the RfD/RfC thru factors based on
best judgement

Major limitations are...

NOAEL of the critical effect ignores much of the
data and often does not distinguish amongst
better quality studies,

uncertainty factors are imprecise, and

risks above these estimates of subthreshold doses
are not estimated.

Toxicology Excellence for Risk Assessment -




Issues for Proposed Perchlorate RfD

* An abundance of data exists on perchlorate’s effects on Graves’ patients, but data
are more limited on chronic exposures in normal humans and animals at concentrations
likely found in environmental exposures. Although the thyroid appears to be the
principal target organ, no other organ systems have been well-studied in animals. Other
effects seen in Grave's patients are hematological at doses 100-fold higher than those
needed to affect iodine concentrations in the thyroid. Therefore, does the database
support the development of an RfD for perchlorate?

¢ Are immediate effects on the thyroid (i.e., inhibition of iodine uptake and discharge
of iodine from thyroid) the appropnate critical effect for the RfD?

*  Which of the available data best reflect expected effects in normal or sensitive
humans?

Questions Related to the Uncertainty Factor:

* Do rats respond faster and to a greater degree than humans to the effects of
perchlorate because the rat thyroid lacks an iodide binding protein, resulting in greater
effort to maintain constant blood levels of thyroid hormones? Does this response mean
that rats are more sensitive than humans to effects of perchlorate? How does this affect
the uncertainty factor for interspecies extrapolation?

* Long-term animal studies at very high doses show the types of morphological
chanrges in the thyroid typical of a prolonged exposure to TSH that is seen after chronic
interference with the thyroid-pituitary axis. How might this affect the uncertainty factor
for subchronic-to-chronic exposures?

* Can Graves’ patients be considered sensitive when compared to normal humans to
both effects on the thyroid and hematological effects?

* Thyroid hormones play a critical role in the neurological development of infants up
to two years of age. However, there are no studies which evaluated the role of
perchlorate on the neurological development of neonates. Are neonates considered a
sensitive subpopulation for perchlorate? Will the uncertainty factor of three protect
neonates from the effects of perchlorate?

* The addition of Caldwell (1996) strengthens the database; how does this affect the
use of a database uncertainty factor?



Noncancer Oral Level 3

- —hemical Perchlorate

CAS Number 7778-74-7

Organization Toxicology Excellence for Risk Assessment
Risk Value and Name 1E-2 mg/kg/day Reference Dose (RfD)
Year: 1997

Determination of Critical Effect

Until the mid 1960’s perchlorate was used to treat hyperthyroidism caused by Graves’ disease.
Therefore, perchlorate has been extensively studied in Graves’ disease patients and to a lesser extent
in normal humans. In addition, both short- and long-term studies in various rodent species have been
conducted. The data in both humans and animals indicate that perchlorate exerts its effects by
competitively inhibiting uptake of iodine into the thyroid thereby inhibiting the production of iodine-
containing thyroid hormones. The short-term consequence of this action is a response by the pituitary
gland to produce TSH which in turn stimulates diffuse cell division and growth of the thyroid gland.
Effects related to disturbance of the thyroid-pituitary axis have been seen in studies in humans, both
Graves’ patients and normal humans, and in both short-term and long-term studies in animals. Thus,
disturbance of the function of the thyroid-pituitary axis appears to be the critical effect from exposure

perchlorate.

The human studies demonstrate that Graves’ disease patients treated with doses in the range of
6 to 14 mg/kg/day occasionally developed fatal aplastic anemia (Hobson, 1961; Johnson and Moore,
1961; Fawcett and Clark, 1961; Krevans et al., 1962; and Gjemdal, 1963). However, this response is
likely to be the result of patients with an improperly functioning immune system suffering an immune
mediated hypersensitivity reaction to perchlorate. In a single Graves’ disease patient, a dose level of
3 mg/kg/day controlled hyperthyroidism with no side effects after 22 years of treatment (Connell,
1981). When the underlying mechanism of toxicity is examined (i.e., prevention of iodine uptake by
the thyroid), a dose of 1.4 mg/kg/day in Graves’ patients caused complete release of iodine by the
thyroid while lower doses caused only a partial release (Stanbury and Wyngaarden, 1952). This dose
represents the lowest LOAEL observed in the human database; no human studies which identify a
dose that has no effect at all on thyroid function were found.

The critical study, Stanbury and Wyngaarden (1952), evaluated perchlorate in patients with
Graves’ disease and found that perchlorate caused the discharge of iodine accumulated in the thyroid
and blocked the uptake of iodine into the thyroid. Within 30 minutes of administration, a single dose
of 100 mg potassium perchlorate (1.4 mg/kg/day) caused the nearly complete release (~80%) of I-131
from the thyroids of 8 Graves’ disease patients previously treated with tracer amounts of 1-131 and 1-
methyl-2-mercaptoimidazole (MMIA). MMIA is an antithyroid agent that inhibits incorporation of
iodide into thyroid hormone molecules. Pretreatment with MMIA ensured that any I-131 accumulated
in the thyroid was not used to produce thyroid hormone. A single dose of 10 mg perchlorate (0.14
mg/kg/day) appeared to cause about a 50% release of accumulated iodine and the authors reported
that perchlorate doses as low as 3 mg (0.04 mg/kg/day) caused detectable, but incomplete, release of

dine from the thyroid (data for doses less than 10 mg were not presented). In addition, Stanbury and



Wyngaarden (1952) reported that the uptake of tracer levels of 1-131 into the thyroid glands of
‘ients with Graves’ disease was markedly inhibited for as long as 6 hours when 100 mg of
. Aassium perchlorate was given orally 1 hour prior to administration of the tracer. Inhibition of iodine
occurred both in two patients treated with MMIA and three patients without MMIA treatment.. The
authors state that no toxic effects were encountered in any of these patients who were given no more
than three doses for a total of not more than 600 mg potassium perchlorate. . This study identifies a
definitive LOAEL of 1.4 mg/kg/day for complete release of iodine from the thyroid. Since it is not

clear what degree of iodine release constitutes an adverse effect, a NOAEL was not designated for this
study.

Most animal studies were conducted at doses that were too high to identify the threshold for
rchiorate’s effect on the thyroid-pituitary axis. However, two animal studies identified NOAELs. A

our-day study identified a NOAEL of 1.5 mg/kg/day (Mannisto et al., 1979) and a 14-day study
identified a NOAEL of 0.12 mg/kg/day (this dose was a LOAEL in females) based on decreased
thyroid hormone levels and increased TSH levels (Caldwell et al., 1996). A third study suggested a
NOAEL of 0.25 mg/kg/day for increased secretion of iodine from the thyroid. However, this study
was poorly reported and lacked critical information necessary to be adequate for risk assessment
purposes (Shigan, 1963). A defect of the animal studies is that none of the studies adequately
examined organs or tissues other than the thyroid.

Quantitative Estimate

The RfD was calculated based on a LOAEL of 1.4 mg/kg/day (Stanbury and Wyngaarden,
'52) and a total uncertainty factor of 100. Because no human studies have identified a definitive
~— NOAEL; the RfD is based on the lowest human LOAEL identified. This study is supported by short-
term animal studies which find NOAELSs in the range of 0.1-1.5 mg/kg/day. Uncertainty factors include
3 to protect sensitive subpopulations, 3 to account for extrapolation from short-term studies, 3 to
account for database deficiencies and 3 for the use of a minimal LOAEL. Confidence in the RfD is

medium-to-low because of the general lack of information about the effects of chronic exposure at
low doses.

Peer Review

This RfD was reviewed at a TERA peer review meeting on March 7, 1997.
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Executive Summary

A reference dose (RfD) of 0.01 mg/kg/day is proposed for perchlorate.
This RfD is based on a critical study in sensitive humans which identifies a lowest
observed adverse effect level (LOAEL) of 1.4 mg/kg/day based on early
manifestations of thyroid-pituitary disturbance. No human studies have identified
a definitive no observed adverse effect level (NOAEL); the RfD is based on the
lowest human LOAEL identified. This study is supported by short-term animal
studies which find NOAELSs in the range of 0.1-1.5 mg/kg/day. Recommended
uncertainty factors include 3 to protect sensitive subpopulations, 3 to account for
extrapolation from short-term studies, 3 to account for database deficiencies and
3 for the use of a minimal LOAEL. Confidence in the RfD is medium-to-low

because of the general lack of information about the effects of chronic exposure
at low doses.

Untl the mid 1960’s perchlorate was used to treat hyperthyroidism caused
by Graves’ disease. Therefore, perchlorate has been extensively studied in
Graves’ disease patients and to a lesser extent in normal humans. In addition,
both short- and long-term studies in various rodent species have been conducted.
The data in both humans and animals indicate that perchlorate exerts its effects by
competitively inhibiting uptake of iodide into the thyroid thereby inhibiting the
production of iodide-containing thyroid hormones. The short-term consequence
of this action is a response by the pituitary gland to produce TSH which in turn
stimulates diffuse cell division and growth of the thyroid gland. Effects related
to disturbance of the thyroid-pituitary axis have been seen in studies in humans,
both Graves’ patients and normal humans, and in both short-term and long-term
studies in animals. Thus, disturbance of the function of the thyroid-pituitary axis
appears to be the critical effect from exposure to perchlorate.

The human studies demonstrate that Graves’ disease patients treated with
doses in the range of 6 to 14 mg/kg/day occasionally developed fatal aplastic
anemia. However, this response is likely to be the result of patients with an
improperly functioning immune system suffering an immune mediated
hypersensitivity reaction to perchlorate. In a single Graves’ disease patient, a
dose level of 3 mg/kg/day controlled hyperthyroidism with no side effects after
22 years of treatment. Thus, this dose, while having a beneficial effect in Graves’
patients, might be a LOAEL in normal humans with a lifetime of perchlorate
exposure. When the underlying mechanism of toxicity is examined (i.e.,
prevention of iodide uptake by the thyroid), a dose of 1.4 mg/kg/day (LOAEL) in
Graves patients caused complete release of iodide by the thyroid while lower
doses caused only a partial release. No human studies which identify a dose that
has no effect at all on thyroid function were found.

Toxicology Excellence for Risk Assessment 5 February 1997
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Most animal studies were conducted at doses that were too high to identify
the threshold for perchlorate’s effect on the thyroid-pituitary axis. However, two
animal studies identified NOAELs. A four day study identified a NOAEL of 1.5
mg/kg/day and a 14-day study identified a NOAEL of 0.12 mg/kg/day (this dose
was a LOAEL in females) based on decreased thyroid hormone levels and
increased TSH levels. A third study suggested a NOAEL of 0.25 for increased
secretion of iodide from the thyroid. However, this study was poorly reported
and inadequate for risk assessment purposes. A defect of the animal studies is
that few of the studies examined any organs or tissues other than the thyroid.

Toxicology Excellence for Risk Assessment 6 February 1997
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1. Introduction

Perchlorate compounds have been widely used as solid rocket propellants
and ignitable sources in munitions and fireworks. Perchlorates are also a
laboratory waste by-product of perchloric acid. Because perchlorate use was
required in the performance of Department of Defense and National Aeronautic
and Space Administration contract, government and contractor facilities are
potential locations requiring extensive perchlorate remediation. These
compounds have been found as contaminants in soils and groundwater. In
addition, until recently, perchlorate salts, particularly potassium perchlorate,
have been used therapeutically to treat hyperthyroidism resulting from Graves’
disease. Perchlorate, ClO,, is an anion which forms salts with most cations.
These salts dissociate completely when dissolved in water or aqueous tissues.

This paper will discuss the human and animal toxicity data for perchlorates
and calculate an oral reference dose (RfD) for the non-cancer health endpoints
following the U.S. Environmental Protection Agency (U.S. EPA) methods.
Several important issues related to perchlorates’ potential for causing adverse
health effects in humans will be discussed to better characterize the health risk

1.1 Existing Provisional Reference Dose (RfD)

RfDs for perchlorate-containing compounds, including potassium
perchlorate (CAS# 7778-74-7), ammonium perchlorate (CAS# 7790-98-9),
lithium perchlorate (CAS# 7791-03-9), sodium perchlorate (CAS# 7601-89-0) or
perchloric acid (CAS# 7601-90-3) are not available on U.S. EPA’s Integrated
Risk Information System (IRIS) or Health Effects Assessment Summary Tables
(HEAST). In late 1992, U.S. EPA’s Superfund Health Risk Technical Support
Center in the National Center for Environmental Assessment (NCEA) assessed
the toxicity of potassium perchlorate and developed a provisional RfD for the
perchlorate compounds. This provisional value has been used as the basis for
developing clean-up levels by U.S. EPA Regional Superfund personnel. In
addition, U.S. EPA Region III has placed this provisional value on its Risk-Based

Concentratdon Tables, which are a widely-used risk assessment reference for
many state agencies.

The provisional RfD is based on an acute study by Stanbury and
Wyngaarden (1952) in which single doses of potassium perchlorate caused the
release of iodide from the thyroids of patients with Graves’ disease. The NOAEL
was determined to be 0.14 mg/kg/day because iodide release was incomplete at

Toxicology Excellence for Risk Assessment 7 February 1997
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this dose. The 1000-fold uncertainty factor included a factor of 10 for the use of
a less-than-chronic study, 10 to protect sensitive subpopulations, and 10 to

account for database deficiencies. The resulting provisional RfD was 0.0001
mg/kg/day.

1.2 Purpose of this Document

In 1995, the Perchlorate Study Group (a consortium of companies that use
and/or manufacture perchlorates) submitted a revised assessment of the
perchlorate RfD to U.S. EPA-NCEA for review. At that time, several issues
regarding the association of perchlorate treatment with fatal hematological
disorders and the deficiencies in the overall database were identified and
remained unresolved. The purpose of this document is to develop an RfD for
perchlorate based on a comprehensive discussion of its likely critical effect and
uncertainty factors that incorporates the latest information on interhuman
variability, interspecies extrapolation, extrapolation across durations, and

strengths and limitations of the overall database. These issues are discussed
below.

1.3 The Method Used

The RfD method of U.S. EPA was used to evaluate and quantitate the non-
cancer toxicity of perchlorate. The determination of RfDs lies squarely in the
area of hazard identification and dose response assessment as defined by the
National Academy of Sciences (NAS, 1983) report on risk assessment in the
federal government. U.S. EPA defines the reference dose as an estimate (with
uncertainty spanning perhaps an order of magnitude) of a daily exposure to the
human population (including sensitive subgroups) that is likely to be without an
appreciable risk of deleterious effects during a lifetime. (Barnes and Dourson,
1988; Dourson, 1994).

For health effects that are not cancer, the U.S. EPA and others first
identify the critical effect(s), which is the first adverse effect(s) or its known
precursor that occurs in the dose scale. Human toxicity data adequate for use in
the estimation of RfDs are seldom available, but if so, they are preferred in the
selection of this critical effect. The use of human data has the advantage of
avoiding the uncertainties inherent in interspecies extrapolation.

After the critical effect(s) has been identified, U.S. EPA generally selects
an expenimental dose rate from a study that represents the highest level tested at
which the critical effect was not demonstrated. This level (i.e., the NOAEL) is
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the key datum gleaned from the toxicologist's review of the chemical's entire
database and is the first component in the estimation of an RfD. If a NOAEL is
not available, the use of a LOAEL is recommended. Alternatively, a benchmark
dose (BMD) may be used in this part of the assessment. A BMD is a statistical
lower confidence limit on the dose that produces a predetermined level of change
in adverse response compared with the response in untreated animals (called the
benchmark response or BMR). Advantages and disadvantages of NOAELs and
BMDs are described elsewhere (U.S. EPA, 1995).

Presented with data from several animal studies, U.S. EPA first seeks to
identify the animal model that is most relevant to humans based on the most
defensible biological rationale, for example using comparative pharmacokinetic
data. In the absence of a clearly most relevant species, however, U.S. EPA
generally chooses the critical study and species that shows an adverse effect at the
lowest administered dose. This is based on the assumption that, in the absence of

data to the contrary, humans may be as sensitive as the most sensitive
experimental animal species.

In the absence of adequate human data U.S. EPA generally considers a

"complete” database, that is, complete for the purpose of calculating a RfD for
noncancer health effects, to be composed of:

¢ two adequate mammalian chronic toxicity studies by the appropriate route in
different species;

¢ one adequate mammalian multi-generation reproductive toxicity study by an
appropriate route; and

e two adequate mammalian developmental toxicity studies by an appropriate
route in different species.

An adequate study is one which tests a sufficient number of animals of both sexes
at two or more nonzero dose levels and identifies a NOAEL and LOAEL. The
determination of study adequacy rests on professional judgment. A detailed
discussion of the factors to be considered when evaluating the adequacy of a
database and a study can be found in U.S. EPA (1994).

Uncertainty factors (UFs) are reductions in the dose rate or concentration
to account for areas of scientific uncertainty inherent in most toxicity databases.
The choice of appropriate uncertainty and modifying factors reflects a case-by-
case judgment by experts and should account for each of the applicable areas of

uncertainty and any nuances in the available data that might change the magnitude
of any factor.
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Typically, U.S. EPA uses uncertainty factors to account for five areas of
uncertainty. The UF for human vanability (designated as H) is intended to
account for the variation in sensitivity among the members of the human
population. The UF for experimental animal-to-human extrapolation (designated
as A) is intended to account for the extrapolation from animal data to the case of
humans and is considered to have components of both toxicokinetics and
toxicodynamics. The subchronic-to-chronic UF (designated as S) is intended to
account for extrapolating from less than chronic levels to chronic levels. The UF
for LOAEL-to-NOAEL extrapolation (designated as L) is applied when an
appropriate NOAEL is not available to serve as the basis for a risk estimate, and
extrapolation from an experimental LOAEL is necessary. Database completeness
(designated as D) is intended to account for the inability of any single study to
adequately address all possible adverse outcomes. U.S. EPA currently uses an
additional factor, referred to as a modifying factor (MF), as an occasional
adjustment in the estimation of an RfD to account for areas of uncertainty not
explicitly addressed by the usual factors.

The traditional default value of 10 has been generally used for each of
these UFs; U.S. EPA, however, through experience of calculating thousands of
RfDs has developed criteria for reducing UFs (generally to a half-log value of 3,
or 1), when data warrant. U.S. EPA also recognizes the potential overlap
between UFs and attempts to accommodate this. A recent publication discusses

the use of factors other than default based on these criteria (Dourson et al.,
1996).

The equation that U.S. EPA uses to determine the value of the RfD is:
RfD = NOAEL or LOAEL(mg/kg/day) + (UF x MF)

where:

NOAEL = No Observed Adverse Effect Level
LOAEL = Lowest Observed Adverse Effect Level
UF = Uncertainty Factor
MF = Modifying Factor.

Finally, U.S. EPA provides a statement of confidence in their noncancer
risk estimates (Barnes and Dourson, 1988; Dourson, 1994). High confidence
indicates a judgment that additional toxicity data are not likely to change the RfD.
Low confidence indicates that at least a single, well-conducted, subchronic
mammalian bioassay by the appropriate route is available. For such a minimum
database, the likelihood that additional toxicity data may change the RfD is
greater. Medium confidence indicates a judgment somewhere between high and
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low. Example of confidence statements for RfDs can be found on U.S. EPA's
IRIS (U.S. EPA. 1996).
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2. Hazard Identification

2.1 Review of Relevant Data

Perchlorate was used until the mid-1960’s in the treatment of people who
are hyperthyroid because of Graves’ disease. Many studies have examined the
effects of perchlorate in Graves’ patients but few have studied the effects in
normal humans. The studies that were conducted in normal humans do not look
at long-term exposure to perchlorate. Long-term studies in animals, clearly show
thyroid toxicity at high doses; although, generally, these studies did not examine
targets other than the thyroid. In summary, the perchlorate database defines well
the mechanisms by which perchlorate acts on the thyroid but provides little
information on the dose-response of perchlorate or on the likely effects in normal
humans after chronic exposure to low doses. This had lead to investigation of the
effects that lower doses of perchlorate have on the pituitary-thyroid axis.

2.1.1 Toxicity Data in Humans

The thyroid gland appears to be the principal target organ for perchlorate
toxicity in humans. In humans, the only other effects seen are hematological
effects in Graves’ patients at doses 100-fold higher than those needed to affect
iodide concentration in the thyroid. However, experts in the field have suggested
that these hematological effects are a hypersensitivity reaction and unrelated to
the effects that perchlorate have on iodine balance in the thyroid.

In normal humans, the synthesis and secretion of thyroid hormones are
controlled by a feedback mechanism involving the production of thyroid
stimulating hormone (TSH) by the anterior pituitary. lodide levels in the thyroid
also play a role in the control of thyroid hormone levels. TSH causes the thyroid
to initiate new hormone synthesis. Its production in the pituitary gland responds
to blood levels of T3 and T4. When circulating levels of T3 and T4 decrease, the
production of TSH in the pituitary increases. Increased levels of circulating T3
and T4 lead to decreased pituitary production of TSH. In vitro studies of iodide
transport in sheep thyroid tissue slices (Wolff and Maurey, 1962) and
phospholipid vesicles (Saito et al., 1983) have confirmed that perchlorate
competitively inhibits iodide transport into the thyroid. A summary of the
human studies of perchlorate is presented in Table 1.
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Table 1. Human Studies oLLerchlora(t\

Study Duration/ Doses Effects Notes Uncertainty Riv
Number of | mg/kg-day Factors mg/kg-day
Subjects —
tanbury and ingle dose 0 Release of 10dine trom | Graves’ 3L 1k-2
Wyngaarden 0.04 thyroid. Inhibition of disease 3S
(1952) 3 subjects 0.14 iodine uptake by thyroid. | patients. 3H
1.4 LOAEL 3D
100
Connell (1981) | 22 years 3 LOAEL No adverse effects with | Graves' 3L 1E-1
- | 1 subject clinical control of disease 3H
hyperthyroidism patients 3D
30
Godleyand | 28 wecks 0 Gastromntestinal imitation | Graves’ 'NA
Stanbury 24 subjects 8.6 LOAEL | in 2/24 patients. disease
(1954) Decrease of iodine patients
take by thyroid
"Crooks and | unknown Kin rash, nausea at 8.0- | Graves' NA
Wayne (1960) | duration 14. Also disease
35 subjects 8.6 LOAEL agranulocytosis at 21 patients
165 subjects 14
10 subjects 21
40 subjects 28
‘Morgan and 2-3 weeks Skin rash, sorc throat, | Graves’ ‘NA
Trotter (1960) | 180 subjects | 6-14 LOAEL | GI irritation, disease
67 subjects 17-28 lymphadenopathy (3% in | patients
low dose, 18% in high
dose)
Hobson 33 weeks 9-11 FEL Fatal apiasuc anema Craves’ ‘NA
(1961) 1 subject disease
patients
Johnson and | 3 months 14 FEL Fatal aptastic ancmia Graves’ "NA
Moore (1961) | 1 month 9 FEL discase
1 subject patients
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“Study Duration/ Doses "Effects Notes Uncertainty RfD
- Number of | mg/kg-day Factors mg/kg-day
Subjects o
"Fawcetl and 6 months 9 FEL Fatal aplastic anemia ‘Graves' ‘NA
Clark (1961) | 2 months 6 FEL disease
1 subject patients
Krevansetal. | 2 weeks 1T FEL Fatal aplastic anemia Graves™ ‘NA
(1962) 10 weeks 9 FEL disease
4 months 6 FEL patients
‘1 subject
Gjemdal 4 months 69 FEL Fatal aplastic anemia Graves’ NA
(1963) 1 subject disease
patients
"Barzilai and 2 months 14 FEL Fatal aplastic anemia and | Graves’ NA
Sheinfeld 2 subjects fatal agranulocytosis disease
1966) atients
Burgietal: 8 days 0 Release of iodine from | Healthy k) 8 3EZ
(1974) 5 subjects 9.7 LOAEL thyroid volunteers 3(8)
10H
3D
300
Brabantetal. | 4 weeks 12 LOAEL | Decrease in thyroid Healthy
(1992) 5 subjects iodine concentration, volunteers
free T4, thyroglobulin, | pretreated with
and TSH (Follow up iodine for 4
study shows increase weeks before
thyroid volume at same | perchlorate
dose) exposure

* Table 1s ordered in roughly increasing dose.

Note a: This may not be an appropriate study on which to base an RfD because the doses are within the range of those that cause frank
effects in Graves’ patients. However, this frank toxicity may be caused by susceptibility unrelated to perchlorate exposure. See text

for discussion.
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2.1.1.1 Studies in Patients with Graves’ Disease

Potassium perchlorate has been used to treat Graves’ disease in humans and
most of the data on perchlorates effects on humans are in patients with this
disease. Graves’ disease is an autoimmune disorder in which patients carry
immunoglobulins in their blood which bind to the TSH receptors on thyroid cells
and act like TSH to stimulate DNA synthesis and cell divisions leading to a
hyperthyroid state. Symptoms of the disease include increased synthesis and
secretion of iodide containing hormones into the blood by the thyroid gland,
thyroid gland enlargement, increased basal metabolism and loss of weight.
Perchlorate inhibits the excessive synthesis and secretion of thyroid hormones by
inhibiting the accumulation of iodide in the thyroid.

Stanbury and Wyngaarden (1952) evaluated perchlorate in patients with
Graves disease and found that perchlorate caused the discharge of iodine
accumulated in the thyroid and blocked the uptake of iodine into the thyroid.
Within 30 minutes of administration, a single dose of 100 mg potassium
perchlorate caused the nearly complete release (~80%) of I'”' from the th;'roids
of 8 Graves’ disease patients previously treated with tracer amounts of I ! and 1-
methyl-2-mercaptoimidazole (MMIA)*. A single dose of 10 mg perchlorate
appeared to cause about a 50% release of accumulated iodine and the authors
reported that perchlorate doses as low as 3 mg caused detectable, but incomplete,
release of 1odide from the thyroid (data for doses less than 10 mg were not
presented). In addition, Stanbury and Wyngaarden (1952) reported that the
uptake of tracer levels of I'*! into the thyroid glands of patients with Graves’
disease was markedly inhibited for as long as 6 hours when 100 mg of potassium
perchlorate was given orally 1 hour prior to administration of the tracer.

' 1-methyl-2-mercaptoimidazole (MMIA) is an antithyroid agent that inhibits incorporation of iodide
into thyroid hormone molecules. Pretreatment with MMIA ensured that any ['"! accumulated in the
thyroid was not used to produce thyroid hormone.
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Inhibition of iodine occurred both in two patients treated with MMIA and three
patients without MMIA treatment.. The authors state that no toxic effects were
encountered in any of these patients who were given no more than three doses for
a total of not more than 600 mg potassium perchlorate. . This study identifies a
definitive LOAEL of 1.4 mg/kg/day” for complete release of iodine from the
thyroid. Since it is not clear what degree of iodine release constitutes an adverse
effect, we have not designated a NOAEL for this study.

Godley and Stanbury (1954) report using potassium perchlorate to treat 24
patients with Graves’ disease. Patients were treated with 600-1200 mg/day for at
least 11 weeks and as long as 45-52 weeks. Two patients developed
gastrointestinal problems that were assumed to be due to perchlorate treatment.
In one patient, these effects occurred at 600 mg/day, but the dose which the other
patient received is not specified. Other side effects of antithyroid agents, such as
hematological changes, liver damage, or skin rash, were not observed. This study
suggests a LOAEL of 9 mg/kg/day.

Crooks and Wayne (1960) observed one case of skin rash and three cases of
nausea (2%) among 35 patients treated with 600 mg/day (9 mg/kg/day) and 165
patients given 1,000 mg/day (14 mg/kg/day). In another group of 10 patients
given 1500 mg/day (21 mg/kg/day) and 40 patients given 2000 mg/day (29
mg/kg/day), five cases of skin rash, two cases of nausea and one case of
agranulocytosis occurred (16%). Leukocyte counts returned to normal in the
patient with the agranulocytosis when perchlorate treatment was stopped. The
length of treatment in unclear but appears to have been up to 22 weeks. The
authors report the “time to cure” for perchlorate of approximately 9 weeks. The
authors also report 1 of 12 infants born of mothers given 600 to 1000 mg/day,
was born with a very slightly enlarged thyroid which returned to normal size in

six weeks; no other abnormalities were noted. This study defines a LOAEL
between 9 and 14 mg/kg/day.

Morgans and Trotter (1960) reported that 3% of 180 patients treated with
400 to 1,000 mg/day (6 to 14 mg/kg/day) potassium perchlorate and 18% of 67
patients treated with 1,200 to 2,000 mg/day (17 to 29 mg/kg/day) displayed a
variety of adverse reactions including skin rash, sore throat, gastrointestinal
irritation and lymphadenopathy. Reactions occurred within 2-3 weeks of drug
administration. This study defines a LOAEL between 6 and 14 mg/kg/day.

® Unless otherwise indicated, for human studies in which the actual body weight of the subjects was

not reported, the dose in mg/kg/day was calculated assuming a body weight of 70 kg. Thus a dose of
100 mg/day + 70 kg is 1.4 mg/kg/day.
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Connell (1981) reported a case study of a single Graves’ disease patient
who was treated with potassium perchlorate at 200 mg/day (3 mg/kg/day) for 22
years without any indication of adverse side effects. This dose level provided
sufficient clinical control of the hyperthyroidism.

Between 1961 and 1966, the occurrence of severe hematological side
effects in patients receiving long-term potassium perchlorate treatment for
Graves’ disease led to a decreased use of potassium perchlorate as a therapeutic
agent. Several authors (Hobson, 1961; Johnson and Moore, 1961; Fawcett and
Clark, 1961; Krevans et al., 1962; and Gjemdal, 1963) report case studies where
a single patient suffered fatal aplastic anemia after treatment with doses ranging
from 6 to 14 mg/kg/day. The duration of treatment ranged from 3 months
(Johnson and Moore, 1961) to 8 months (Hobson, 1961). In all cases, patients
were started out at the high end of the treatment range for a period of time and
then were reduced to the lower end of the treatment range after the appearance of
side effects. In two cases (Hobson, 1961 and Gjemdal, 1963) patients had co-
exposures to other drugs. Other case reports are available which report nonfatal
agranulocytosis in patients treated with 14 mg/kg/day for 12 days (Southwell and
Randall, 1960) or 3 months (Sunar, 1963). Barzilai and Sheinfeld (1966) report
that 11% of 76 patients developed leukopenia or other unspecified side effects
after treatment with 1,000 mg/day (14 mg/kg/day) for as little as 2 months.
Within this group, there was one case of fatal aplastic anemia and one case of
fatal agranulocytosis. These studies indicate that doses in the range of 6 to 14
mg/kg/day represent a frank effect level (FEL) inpatients with Graves’ disease.
There is no information to suggest that humans without Graves’ disease would
have a similar reaction to perchlorate (See Section 2.1.1.3).

2.1.1.2 Studies in Normal Humans

Far fewer data are available to demonstrate the effects of perchlorate in
normal, healthy individuals. In the available studies, exposure to perchlorate was
short - just a few days to 4 weeks. Burgi et al. (1974) examined the effects of
perchlorate on the secretion of endogenous iodine b?' the normal human thyroid
gland. Five healthy volunteers received tracers of I'*-iodide and I'*'-thyroxine
for 17 days followed by 600 mg/day perchlorate (9.7 mg/kg/day, based on actual
reported average body wei %ht of 61.8 kg) perchlorate for 8 days. Urnne and
serum were analyzed for I'*> and 1" to determine if perchlorate can cause the
discharge of endogenous as well as exogenous iodide from the thyroid. Results
show that this dose of perchlorate was sufficient to completely block iodide
uptake by the thyroid. In addition, perchlorate caused a 65% increase in
excretion of non-thyroxine iodine over background. The authors attributed this
increase to additional secretion of endogenous iodide from the thyroid.

Toxicology Excellence for Risk Assessment 17 February 1997



Reference Dose (RfD) for Perchlorate Peer Review Draft

Treatment with carbimazole plus perchlorate caused a further increase in the
secretion of non-thyroxine iodine, suggesting that perchlorate causes only a

partial, not complete, release of endogenous iodide. This study defines a minimal
LOAEL of 9.7 mg/kg/day.

Brabant (1992) administered potassium perchlorate to healthy volunteers
as a means to study changes in TSH concentration and release in response to a
decrease in iodine supply to the thyroid. During the first 4 weeks of the study,
the volunteers were given 200 ug/day iodine. After iodine supplementation was
discontinued, the volunteers were orally administered 900 mg/day of potassium
perchlorate for four weeks to induce a state of iodine depletion. At the end of the
4-week perchlorate treatment, levels of thyroid hormones were measured.
Although perchlorate treatment had no effect on thyroid volume or levels of T3
and T4, intrathyroidal iodine concentration was significantly decreased, serum
levels of TSH were significantly decreased, and serum levels of thyroglobulin
were almost doubled. The authors speculate that the decrease of TSH, which is
opposite of the expected response, may be an early adaptive mechanism to the
iodine deficiency induced by perchlorate. They suggest that early in iodine
deficiency, the thyroid becomes more sensitive to TSH, creating a feedback
mechanism that decreases TSH levels. Only as iodine deficiency becomes more

prolonged do TSH levels increase. This study defines a LOAEL of 13 mg/kg/day
for thyroid effects.

In a follow up study, Brabant (1994) repeated his studies with perchlorate
treatment longer than 4 weeks. As a result of the longer treatment, thyroid
volumes increased in all subjects, although TSH levels did not increase.

2.1.1.3 Role of Perchlorate in Autoimmunity and Hematological Effects

Treatment of Graves’ disease patients with perchlorates has resulted in
serious hematological effects in a small number of people. These effects include
fatal aplastic anemia and agranulocytosis as well as less serious effects including
reversible agranulocytosis, lympadenopathy, and leukopenia. Skin rash has also
been frequently reported as a side effect of perchlorate treatment and may be
related to the effects of perchlorate on the hematological system. For risk

assessment purposes, several questions regarding the relationship between Graves’
disease patients and normal humans must be answered.

¢ Will perchlorate have the same hematological effects in normal humans after
prolonged exposure?
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o Are Graves’ disease patients uniquely sensitive to the hematological effects of
perchlorate?

e By what mechanism does perchlorate cause hematological effects and are these
effects related to perchlorate’s effect on the thyroid?

The development of aplastic anemia is highly variable in the population and
related to individual susceptibility. The data suggest that the altered immune
function of Graves’ disease patients renders them uniquely susceptible to these
types of hypersensitivity reactions.

As descnibed above, Graves’ disease is an autoimmune disease in which
patients carry autoantibodies to thyroid tissue which mimic TSH stimulation.
Although cells from Graves’ patients have an increased prevalence to express
certain HLA (major histocompatibility complex) antigens (Robbins, 1979;
Holland et al., 1991), Graves’ disease is thought to be mediated by altered
function of activated T lymphocytes (Holland et al., 1991; Panayi, 1995). Most
Graves’ patients have a lymphocytic infiltrate of the thyroid (Robbins, 1979).
Holland et al. (1991) report the development of Graves’ disease in a male patient
eight years following a bone marrow transplant from his sister who had Graves’

disease. The clinical findings support a role for circulating lymphocytes in the
initiation of the disease.

While Graves’ disease is the product of disrupted immune function, there is
also evidence that hyperthyroidism itself alters immune function. In animals,
hyperthyroidism results in diminished suppressor T cell function (Wenzel and
Lente, 1984). In addition, Graves’ disease patients in whom hyperthyroidism was
not in control had decreased T cell counts but Graves’ patients in whom
hyperthyroidism was under control had normal T cell counts (Wenzel and Lente,
1984). Thus, it seems probable that thyroid hormone levels alter lymphocyte
populations and properties. Also, patients with Graves' disease are likely to be

more susceptible to idiosyncratic reactions to compounds which act on the
immune system.

Antithyroid drugs appear to exert their effects on the hematopoietic system
through an immune mechanism. Wing and Fantus (1987) reviewed the adverse
effects of two antithyroid drugs, propylthiouracil and methimazole, and
concluded that most reactions were related to immunologic effects of these drugs.
They noted that skin rash and granulocytopenia were among the most commonly
reported adverse effects of these drugs. Less commonly reported effects include
aplastic anemia, leukopenia, and antibodies to insulin and glucagon. In fact, Wing
and Fantus (1987) recommend that patients be instructed to report skin rash
immediately as this may be an early sign of adverse immune reaction caused by

Toxicology Excellence for Risk Assessment 19 February 1997



Reference Dose (RfD) for Perchlorate Peer Review Draft

the antithyroid drugs.  Although these authors did not include perchlorate in
their investigation, the similarity of the effects seen after perchlorate treatment,
including rash, leukopenia, agranulocytosis, and aplastic anemia, suggest that
perchlorate may also act to induce an immune effect in a similar fashion.

There is a tight functional connectivity between the immune and endocrine
systems, which is mediated, at least partly, by shared receptors and mediators
among the systems (Kammuller, 1995). Thus, although the mechanism of
perchlorate action on the hematopoietic system is not known, it is likely to be an
immune reaction. Although it is possible that perchlorate may cause the
hematological effects in normal humans, it appears that Graves’ patients are likely
to be more sensitive to this type of immune-induced adverse effect than normal
humans. The underlying abnormal immunologic function in Graves’ disease
makes these patients more sensitive to immunologic challenges.
Immunoreactivity to antithyroid drugs is another expression of the abnormal
immune system in these patients (Wall et al., 1984; Wing and Fantus, 1987).

Thus they are expected to have drug allergies with increased frequency (Wall et
al., 1984).
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2.1.2 Toxicity Data in Animals

Both short-term and long-term studies in animals have evaluated the effects
of perchlorate on the thyroid. These studies established LOAELs at high doses,
and they generally did not examine tissues and systems other than the thyroid.
The long-term studies demonstrate that continual disruption of the thyroid-
pituitary axis by perchlorate will result in the development of thyroid tumors.*

A summary of the animal studies of perchlorate is presented in Table 2.

2.1.2.1 Short-term and Subchronic Studies

Mannisto et al. (1979) measured serum levels of TSH, T3 and T4 by
radioimmunassays in groups of 5-6 male Sprague-Dawley rats weighing 180-220
grams who were exposed to potassium perchlorate in their drinking water at
concentrations of 0, 10, 50, 100, or 500 mg/L for four days. Potassium
perchlorate doses of 0, 1.5, 7.6, 15.3, and 76.3 were calculated assuming a body
weight of 0.2 kg and a water consumption rate of 0.0305 L/day (U.S. EPA,
1987). Perchlorate produced statistically significant increases in serum TSH
levels and decreases in serum T3 and T4 levels. Significant changes in all three
parameters were measured in the 100 and 500 mg/L (15.3 and 76.3 mg/kg/day)
dose group. In the 50 mg/L (7.6 mg/kg/day) dose group levels of T3 and T4
were significantly decreased; TSH levels were slightly increased, but the increase
was not significant. At the low dose, T3, T4, and TSH levels were unchanged

from controls. This study identifies a NOAEL of 1.5 mg/kg/day and a LOAEL
of 7.6 mg/kg/day.

Caldwell et al.(1996) administered ammonium perchlorate in drinking
water at concentrations of 0, 1.25, 5.0, 12.5, 25, 50, 125, or 250 mg/L to
Sprague-Dawley rats (6/sex/group) for 14 days. The authors calculated the
corresponding doses to be 0, 0.11, 0.44, 1.11, 2.26, 4.32, 11.44, and 22.16
mg/kg/day for males and 0, 0.12, 0.47, 1.23, 3.06, 4.91, 11.47, and 24.86
mg/kg/day for females. Thyroid weights were measured and thyroid hormone
levels were measured using a radioimmune assay technique. Relative thyroid
weights were statistically significantly increased in the two highest dose groups
compared with controls. Thyroglobulin levels and TSH increased in both male
and female rats in a dose-dependent manner. The TSH increase was statistically

‘ Because this assessment concerns the non-cancer effects of perchlorate, the findings of tumors in the
long-term animal studies are not reported or evaluated. According to U.S. EPA’s thyroid cancer
policy, the development of thyroid cancer after continual disruption of the thyroid-pituitary axis is
considered to be by a threshold mechanism. The implications of this policy for quantitative risk
assessment of perchlorate are discussed in Section 2.2.2.
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Table 2. Animal Studies of Perchlorate’

Study Species | Duration Doses Effects Notes
(n) mg/kg-day '
Kessler and | Male Wistar | 2 years 0 (water) Increased absoiute and relative | No tissues other than thyroid
Kruskemper | rat 1339 LOAEL | thyroid weight. Follicular cell | examined
(1966) 6-8/group) hyperplasia
Pajer and 46 weeks 0 (water) Increased thyroid volume, No tssues or organ systems
Kalisnik Balb/c mice 2147 LOAEL | pituitary TSH, histopathologic | other than thyroid examined
(1991) . (36/group) changes in thyroid. Follicular
: cell carcinoma
yhigan Rabbits, Y months 0 (water?) Increased secretion of 1odine Other ettects examinea were
(1963) Rats 0.25 NOAEL | from thyroid; no effects on cardiac electrical activity, liver
(# and sex 2  LOAEL | other organs function, and conditioned
not 40 reflexes.
specified)
"Rabbits, 3months | 0 (waler) Changes in cardiac clectrical | Study not well enough
Rats 190 LOAEL | activity and liver function reported or translated to be
(# and sex useful for risk assessment
not .
specified)
"Gauss Female 160 days 0 (dier) - Increased thyroid volume and
(1972) NMRI mice 2011 LOAEL | histological changes to thyroid
Hiasactal. | Male Wistar | 20 weeks 0 (diet) Increased absolute and relative | No etfect on body or hver
(1987) rats 81 LOAEL | thyroid weight, serum TSH. weight. No other parameters
(20/group) Decreased serum T, examined. No histopathology.
‘Caldwellet | Male 14 days 0 (water) Increased relative thyroid 'No other ussues or organs
al. (1996) Sprague- 0.11, NOAEL | weight, increased TSH and examined
Dawley rats 0.44 LOAEL | thyroglobulin, decreased T/T,
(6/group) 1.11
2.26
432
11.44
22.16
— —
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Study Species Duration Doses Effects Notes
Female 14 days 0 (water) Same ettects as 1n males. No other tissues or organs
Sprague- 0.12 LOAEL | Females are more sensitive. examined
Dawley rats 0.47
(6/group) 1.23
. 3.06
491
11.47
24.86
Mannisto et | Male 4 days 0 (water) Incrcased T9H and decreased | No other endpoints examined,
al. (1978) Sprague- 1.5 NOAEL | T/T, no histopathology.
Dawley rats 7.6 LOAEL
(5-6/group) 15.3
76.3
Brown- Female gestation 0 (water) None Developmental effects and
Grant Wistarrats | days 2-8 63 maternal toxicity not
(1966) (11/group) 246 evaluated. Only endpoint
examined was the number of
live litters.
Brown- Female gestation 1% in water | Decreased number of dams No untreated controls
Grant and Wistarrats | day O to LOAEL with implantation sites,
Sherwood | (10/group) | 12/13 increased maternal and pup
1971) thyroid weight
ostel gesauon 0 (water) Increased fetal thyrord weight | Fetuses were not examined for
1957 inea pigs | day 21-48 740 LOAEL other developmental effects

"* Tabie 1s ordered in roughly decreasing exposure duration.
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significant at the 0. 47 mg/kg/day dose for females and at the 1.11 mg/kg/day
dose for males. Both T3 and T4 showed statistically significant decreases;
however, the T4 effect did not show a dose relationship. For T3, the decrease
was statistically significant at the lowest dose, 0.12 mg/kg/day, in females and at
the 0.44 mg/kg/day dose level in males. This study suggests that female rats are
more sensitive than male rats to the effects of perchlorate. This study defines a
LOAEL in females of 0.12 mg/kg/day. The same dose in males is a NOAEL.

Shigan (1963) administered 190 mg/kg/day in water to rabbits and white
rats (number, sex and strain not identified) for 3 months. The author does not
indicate if the compound was administered in drinking water or gavage with
water. The animals were examined for cardiac function, liver function based on
changes in serum proteins, immune function based on leukocyte phagocytosis, and
adrenal function. Perchlorate at the dose tested caused a change in the EKG and a
decrease in serum proteins indicating a disruption of the glycogen -forming
function of the liver. The authors do not indicate if these changes were observed
in both rabbits and rats. Perchlorate had no effect in the remaining tests. This

study suggests a LOAEL of 190 mg/kg/day; although the study is incompletely
reported and/or translated, limiting its usefulness for risk assessment.

In a second set of experiments, Shigan (1963) also treated rabbits and white
rats (number, sex, and strain not identified) with 0, 0.25, 2, and 40 mg/kg/day of
potassium perchlorate for 9 months. The medium for dosing was not reported.
The animals were examined for cardiac function, liver function, and conditioned
reflexes. In addition, uptake and discharge of iodine by the thyroid was
examined. In the two highest dose groups, there was a statistically significant
increase in the amount of iodine excreted from the thyroid; this increase was not
observed in the 0.25 mg/kg/day dose group. The study does not indicate if the
effect was seen in one or both species tested. This study suggests a NOAEL of
0.25 mg/kg/day and a LOAEL of 2 mg/kg/day for thyroid effects.

Hiasa et al. (1987) measured serum levels of T3, T4, and TSH by
radioimmunassay in groups of 20 male Wistar rats administered 0 or 1,000 ppm
potassium perchlorate in the diet for 20 weeks. Assuming a body weight of 0.34
kg (the average final body weight of rats treated with perchlorate alone) and a
food consumption rate of 27.4 g/day (U.S. EPA 1987), an estimated dose of 80.7
mg/kg/day can be calculated. Absolute and relative thyroid weights were
significantly increased compared with controls in perchlorate treated rats. No
effects were seen on liver weights. T4 levels decreased slightly, but the decrease
was not statistically significant. T3 levels were unchanged compared with
controls. TSH levels were statistically significantly increased compared with
controls. Histological exam of the thyroid revealed diffused small follicles in
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perchlorate treated rats and | case of follicular hyperplasia. The 80.7 mg/kg/day
dose is a LOAEL.

Gauss (1972) fed female NMRI mice a diet containing 0 or 1% potassium
perchlorate for up to 160 days. Mice were between 50 and 60 days old at the
beginning of treatment and weighed between 19 and 28 grams (average of 23.23
g). During the first two months of treatment, body weights increased about 12%;
body weight data for longer treatment periods were not reported. Assuming a
body weight of 23 g and a food consumption value of 4.625 g/day (U.S. EPA
1987), a dose of 2,011 mg/kg/day can be calculated. Thyroid glands were
examined histologically at 10-20 day intervals through the 160 days. Thyroid
volume, nuclei volume and height of epithelial follicles were increased in treated
mice throughout the treatment period compared with controls. The English
translation summary of the histological examinations described a progressive
change in the histological appearance of the thyroid of treated mice, beginning
with colloid loss, nuclei volume expansion and rising epithelium height, followed
by the appearance of hyperplasia and hypertrophy of the thyroid parenchyma. At
later stages of the treatment period, hyperplastic follicles, areas of adenomatic
tissue, adenoma complexes and secreting cystadenomas were observed. However,

no progression to malignancy was apparent. The 2,011 mg/kg/day dose is a
LOAEL.

2.1.2.2 Long-term Studies

Kessler and Kruskemper (1966) provided potassium perchlorate in
drinking water at a concentration of 0 or 1% to male Wistar rats for 2 years.
Body weights and thyroid weights were reported for groups of 6-8 rats sacrificed
after 0, 40, 120, 220, and 730 days of treatment. Thyroid glands from the
animals were examined histologically. Using body weight data provided in the
report to calculate a time-weighted average body weight of 0.336 and using an
estimated water consumption of 0.045 L/day [calculated with the allometric
equation recommended by U.S. EPA (1987)], a dose of 1339 mg/kg/day is
derived. Body weights of control and treated animals were comparable
throughout the experiment. In contrast, thyroid weights (both relative and
absolute)were markedly increased in treated rats compared with controls at each
examination interval. Histological examination of thyroids from treated rats at
40 days revealed follicular cell hyperplasia.® The authors characterized these
changes as typical for a thyroid gland stimulated by TSH for a relatively short
period of time. After 200 days of perchlorate treatment, diffusely degenerative

¢ Follicular cell hyperplasia is defined by small follicle with high epithelia and large nuclei,
numerous mitoses, colloid resorption and low-grade mesenchymal reaction.
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changes with fibrosis and increased colloid were observed. The authors
commented that the course of the histological changes in the thyroid was similar
to that produced by long-term administration of thiouracil, another antithyroid
agent. The authors further reported that four of eleven rats treated with
potassiumn perchlorate for 2 years displayed benign tumors of the thyroid gland
and that 20 untreated Wistar control rats displayed no thyroid gland tumors. The
1,339 mg/kg/day dose is a LOAEL.

Pajer and Kalisnik (1991) administered O or 1.2% sodium perchlorate in
drinking water to groups of 36 female BALB/c mice (12/group) for up to 46
weeks. Eight or 12 weeks after the beginning of the experiment, one group of
treated and control mice were totally irradiated with 0.8 Gy on 5 consecutive
days, at a dose rate of 1.45 Gy/minute, so that each mouse received a total of 4
Gy. Assuming a body weight of 0.0353 kg and a water consumption rate of
0.0063 L/day (U.S. EPA 1987), a dose of 2147 mg/kg/day can be calculated.
Thirty animals died during the experimental period although details about the
cause of death were not provided. Forty-two animals were sacrificed at 46 weeks
for histological examination of the thyroid and pituitary. No other tissues were
examined. Obvious treatment related histological changes were observed in the
thyroid and pituitary, including thyroid follicular cell carcinoma.
Immunoperoxidase staining of pituitary thyrotropic cells with antithuman TSH
serum provided qualitative evidence of increased TSH production in the pituitary.
Perchlorate treatment was associated with increased total volume of the thyroid
gland and the distal parts of the anterior pituitary (adenohypophysis). In
addition, increased average volume and increased numbers of epithelial,
thyrotropic and parafollicular cells was observed. Irradiation appeared to
enhance the effects of perchlorate treatment. This study identifies a LOAEL of
2147 mg/kg/day for thyroid effects.

2.1.2.3 Developmental/Reproductive Toxicity Studies

Brown-Grant (1966) examined perchlorate for its effects on pregnancy in
rats. Potassium perchlorate at a 1% solution in drinking water was administered
to pregnant Wistar rats from day 2 to day 8 of gestation. Average doses were
reported to be 237 mg/rat/day which is equivalent to 741 mg/kg/day assuming a
body weight of 0.32 kg (U.S. EPA, 1987). Birth of a live litter occurred in 8/11
treated dams compared with 7/11 of potassium chloride treated control dams.
Examination of fetuses for developmental defects was not conducted. Neither the
perchlorate treated dams nor the KCl controls which did not give birth displayed
any visible sign of implantation in their uteri. The author concluded that 1%
potassium perchlorate in the drinking water had no effect on the course of
pregnancy in rats. This study identifies a free standing NOAEL of 741
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mg/kg/day; although, in the absence of examination of fetuses this judgment is
tentative.

Brown-Grant and Sherwood (1971) administered 1% potassium
perchlorate or 0.1% potassium iodide in drinking water to pregnant Wistar rats
that were also lactating. Administration began on day O of pregnancy and
continued until day 12 or 13. Non-lactating pregnant rats were provided with
0.1% KCl1 or KI by similar protocol. Untreated controls were not included in the
experiment. The suckling litters were removed on days 9 or 10 and all dams
were killed on day 12 or 13 and examined for the number of implantation sites.
There was 100% incidence of dams with implantation sites for all groups but the
perchlorate treated group in which 70% of the dams had implantation sites. The
number of implementation sites per dam was comparable for all groups. Thyroid
weights in the perchlorate treated dams appeared to be increased compared with
the chloride or iodide treated dams. Also, thyroid weights of the offspring of
perchlorate treated dams was increased compared with offspring from iodide
treated dams. The authors concluded that treatment with potassium perchlorate
had no significant effect on blastocyst survival or the ability to implant under
conditions delaying implantation (i.e., concurrent lactation). This study defines a
LOAEL of = 740 mg/kg/day (assuming body weights and water intakes were

similar to those in Brown-Grant, 1966) for both maternal and fetal thyroid
effects.

Postel (1957) reported that administration of 1% potassium perchlorate in
drinking water to pregnant guinea pigs during gestation days 21 through 48
produced enlarged thyroids in the fetuses compared with thyroids of control
fetuses. In contrast, perchlorate treatment did not have any effect on the
thyroids in dams. Enlarged fetal thyroids also occurred when perchlorate
treatment was accompanied by daily subcutaneous treatment with T3 doses as
high as 32 ug/kg/day. From water intake and body weight data, the authors
calculated an average daily dose to the dams of 740 mg/kg/day. The fetuses were
not examined for other developmental effects. In a separate experiment, 0 or 1%
potassium perchlorate was administered to nonpregnant female guinea pigs for
30, 60, or 90 days. Thyroid enlargement and hyperplasia were apparent in
treated animals after 60 or 90 days of treatment. This study identifies a LOAEL
of 740 mg/kg/day for fetal thyroid enlargement.

2.2 Characterization of Hazard of Perchlorate
In both humans and animals, perchlorate acts to competitively inhibit
iodide accumulation in the thyroid thereby inhibiting the production of iodide-

containing thyroid hormones. The short-term consequence of this action is a
response by the pituitary gland to produce TSH which in turn stimulates diffuse
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cell division and growth of the thyroid gland. Effects related to disturbance of
the thyroid-pituitary axis have been seen in studies in humans, both Graves’
patients and normal humans, and in both short-term and long-term studies in
animals. Thus, disturbance of the function of the thyroid-pituitary axis appears
to be the critical effect from exposure to perchlorate salts. Disturbance of the

thyroid-pituitary axis leads to both noncancer and cancer effects in both humans
and experimental animals.

2.2.1 Non Cancer

Experience with treatment of Graves’ patients shows that repeated oral
administration of 200 mg doses taken 1 to 5 times per day (3 to 14 mg/kg/day)
were effective in inhibiting the excessive production of thyroid hormones and
controlling other aspects of hyperthyroidism (Connell, 1981; Godley and
Stanbury, 1954; Crooks and Wayne, 1960, Morgans and Trotter, 1960).
However, perchlorate within a dose range of 6-14 mg/kg/day also resulted in a
small number of fatal hematological effects in Graves’ patients. In each of these
cases, patients were treated with perchlorate at the high end of the dose range
(i.e., 9 to 14 mg/kg/day) until hematological symptoms appeared; then patient’s
dosage was reduced to the low end of the range (i.e., 6 mg/kg/day). Thus, the
threshold for these effects appears to be between 6 and 9 mg/kg/day. Because of
the serious nature of these effects, the low end of the dose range (6 mg/kg/day)
should be considered a Frank Effect Level (FEL).

The hematological effects of perchlorate appear to be a hypersensitivity
reaction unrelated to perchlorate’s effects on iodine uptake and secretion by the
thyroid. The hematological effects of perchlorate may be mediated through an
immune reaction such as a drug-induced autoimmune response. Since Graves’
patients already have an unbalanced immune system, they are more susceptible to
the hematological effects of perchlorate (Wall et al., 1987; Wing and Fantus,
1987) and thus should be considered a sensitive subpopulation for these effects.

In addition to being a sensitive population for the hematological effects of
perchlorate, it has also been suggested that Graves’ disease patients are the
sensitive population for perchlorate’s effects on iodine balance in the thyroid.
Because the thyroids of Graves’ disease patients are continually stimulated by
antibodies which stimulate the TSH receptor, they have essentially unregulated
iodine uptake. Endocrine experts have suggested that it is plausible to assume that
Graves’ patients will be more sensitive to the iodine blocking effects of
perchlorate than normal humans (Capen, 1996; Fagin, 1996). No data are
available to identify a mechanism for this phenomenon. The same phenomenon is
likely to be observed in people who are iodine deficient; because their thyroids
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are also under constant stimulation, they are expected to be as sensitive to
perchlorate as Graves’ disease patients (Capen, 1996; Fagin, 1996). Conversely,
people who are hypothyroid are likely to be less sensitive to perchlorate.

Two short-term studies in normal humans support the conclusion that the
target organ for perchlorate is the thyroid. Healthy volunteers dosed with 9
mg/kg/day for 8 days (Burgi, 1974) or 12 mg/kg/day for 4 weeks (Brabant 1992,
1994) both experienced a decrease in the intra-thyroidal iodide concentration of
65% and 25% respectively. A short-coming of the Brabant studies is that the
volunteers were pretreated with iodine for 4 weeks prior to perchlorate
treatment. It is likely that this iodine loading affected the response to
perchlorate. There are no studies in normal humans which demonstrate the
effects of perchlorate after long-term treatment.

Animal data support the conclusion that perchlorate affects the thyroid-
pituitary axis. Both short- and long-term studies found effects such as decreased
T3 and T4 levels, increased TSH levels, secretion of iodine from the thyroid, and
increased thyroid weights (both relative and absolute). A short-coming of the
animal database is that there are few studies adequate for risk assessment which
examined any tissues or systems other than the thyroid. One study, Shigan (1963)
appeared to examine cardiac and liver function in addition to thyroid function.
However, either because of inadequate reporting or translation from Russian,
very little information is available about the methods used or the results
obtained., making this study unsuitable for risk assessment purposes. Therefore,
the database does not completely rule out the possibility that perchlorate has
effects on systems other than the thyroid after long-term treatment.

2.2.2 Cancer

A convincing body of evidence suggests that long-term interference with
the thyroid-pituitary axis can lead to thyroid follicular cell neoplasia. This
phenomenon has been the subject of extensive review (Hill et al., 1989) and is
summarized below. As described in Section 2.1, TSH stimulates the thyroid
follicular cells to synthesize T3 and T4, which in turn inhibit the synthesis of
additional TSH. Thus, high plasma levels of T3 and T4 reduce the amount of
TSH produced and low levels increase the amount of TSH produced. If thyroid
hormones are not produced in response to TSH, plasma levels of TSH remain

According to Godley and Stanbury (1954), “No patient failed to respond [to perchlorate therapy)
in time, but several responded slowly. One of these was receiving large doses of iodine just before
perchlorate was begun. Presumably the thyroid of this patient was filled with iodine, which had to be
exhausted before a therapeutic effect could be achieved.”
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high, resulting in an ongoing stimulation of the thyroid gland. This occurs
following every condition which interferes with these feedback mechanisms,
including iodine deficiency, thyroidectomy, or chemical disturbance.

A series of progressive morphological changes occurs in the thyroid in
response to prolonged elevated levels of TSH, regardless of the nature of the
stimulus causing TSH elevation (Hill et al., 1989). Initially thyroid weight
remains constant although there are significant changes in thyroid morphology
including resorption of colloid from the follicular cell lumen and increases in
cell volume and vascularity. With continued TSH stimulation, there is a rapid
increase in thyroid weight and size associated with follicular cell hyperplasia.
Ultimately with continued TSH stimulation, the diffuse hyperplasia progresses to
nodular proliferation of the follicular cells and eventually to benign and
malignant tumors. This progression is similar regardless of the cause of thyroid
insufficiency. Hill et al (1989) lists several conditions which can lead to this
progression of pathology including dietary iodine deficiency, blockage of 10dine
into the thyroid, interference with thyroid hormone synthesis, suppression of
thyroid activity by high concentrations of iodine, enhanced metabolism of thyroid
hormones, and damage to the thyroid gland. It has been suggested that rats are
more sensitive to these effects of increased TSH. Rats cannot withstand a
sustained increase of TSH without developing tumors; just an initial rise in TSH
levels will have promoting effects (Capen, 1996).

From the foregoing discussion, it is apparent that thyroid cancer induced
by interference with thyroid -pituitary homeostasis is a threshold phenomenon.
In fact, U.S. EPA (1996) has adopted the policy that an assumption of a threshold
is appropriate for the dose-response assessment of chemicals which cause a
disruption of thyroid-pituitary homeostasis and do not have genotoxic activity
relevant to carcinogenicity. Perchlorate ion was cited repeatedly by U.S. EPA
(1996) as an example of a chemical known to disrupt thyroid-pituitary
homeostasis by acting directly on the thyroid.

The two long-term studies of perchlorate in animals (Kessler and
Kruskemper, 1966; Pajer and Kalisnik, 1991) demonstrated that perchlorate
induces follicular cell carcinogenesis. The shorter term studies (Gauss, 1972;
Hiasa et al., 1987) indicate that carcinogenesis is preceded by the morphological
changes typical of the progression induced by TSH stimulation described by Hill
et al. (1989). No genotoxicity studies were located in the literature, so it is not
possible to state with certainty that perchlorate does not have any genotoxic
activity relevant to carcinogenicity. However, perchlorate is so clearly acting to
disrupt thyroid-pituitary homeostasis that the assumption of a threshold for dose-
response assessment is appropriate. Therefore, the RfD developed in the
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following section is likely to be protective for both noncancer and cancer effects
of perchlorate.
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3. Dose Response Assessment

3.1 Choice of Critical Study

Because it is inappropriate to derive an RfD from a FEL, the clinical data
which define a FEL in the range of 6-14 mg/kg/day do not provide a suitable
basis for RfD derivation. For this same reason, the studies in normal humans,
which were also conducted at doses which are within the range of the FEL, are
also not suitable for RfD derivation. Only one long-term study in humans
reported patient response to a dose less than the range of the FEL. Connell
(1981) reported that a 22 year treatment with 3 mg/kg/day perchlorate effectively
controlled symptoms of hyperthyroidism without any adverse side effects.
However, this study is limited because only one case was reported.

The early experiments by Stanbury and Wyngaarden (1952), however,
examined the influence of acute doses of potassium perchlorate at lower dosage
levels. In these experiments, single 100 mg doses of potassium perchlorate (1.4
mg/kg/day) caused a complete release of iodide from the thyroid and prevented
the accumulation of subsequently administered 1odide for about 6 hours. Single
doses as low as 3 mg potassium perchlorate (0.04 mg/kg/day) also produced a
detectable, but incomplete, release of iodide. Thus, 1.4 mg/kg/day appears to be
a definitive LOAEL for acute disturbance of iodide accumulation in the thyroid.
It is assumed for the purposes of RfD derivation that repeated exposure to 1.4
mg/kg/day would lead to a functional disturbance of the thyroid-pituitary axis,
including decreased synthesis of thyroid hormones and increased production of
TSH. Exposure to lower doses would insufficiently impair iodine accumulation
and would not disturb the function of the thyroid-pituitary axis.

This LOAEL is supported by the findings of the animal studies. In
Caldwell et al. (1996), T3 levels in female rats were significantly decreased by a
14-day exposure to 0.12 mg/kg/day. At a dose of 0.47 mg/kg/day an effect on
both T3 and TSH was observed, with T3 levels significantly decreased and TSH
levels significantly increased. In addition, Mannisto et al. (1979) reported a
NOAEL of 1.5 mg/kg/day and a LOAEL of 7.6 mg/kg/day based on decreased
T3/T4 and increased TSH after 4 days exposure to perchlorate.

3.2 Choice of Uncertainty and Modifying Factors
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The choice of uncertainty factors to be used with the appropriate critical
effect of perchlorate depends on the areas of uncertainty that exist given the
quality of the database.

3.2.1 Human Variability (H)

Do existing data account for sensitive individuals?

If yes, this suggests an uncertainty factor other than a default value of 10---
as low as a value of 1 in some instances [see for example, the description of the
uncertainty factor for nitrates on U.S. EPA’s IRIS (1995) where a NOAEL of a
sensitive population was used as the basis of the RfD]. Scientists familiar with
this area have considered this default factor to be composed of roughly equal
parts for toxicodynamic and toxicokinetic differences among humans. Some
recent work has attempted to quantify these distinctions (Renwick, 1993).

Perchlorate’s critical effect in both humans and animals is disruption of the
thyroid-pituitary axis. Subpopulations who may be sensitive to this effect are
Graves’ patients and people who are deficient in iodine intake (Capen, 1996;
Fagin, 1996). About an order of magnitude difference exists between normal
human LOAELSs (9.7 and 13 mg/kg/day) compared with Graves’ patients
LOAELs (1.4 and 3.0 mg/kg/day). These differences also suggest that the
Graves’ patients in the Stanbury and Wyngaarden (1952) study represent a
sensitive population. Thus, a reduced factor appears warranted. Since the
critical study was conducted in sensitive individuals, we recommend a UF, of 3.

3.2.2 Inter-Species Variability (A)

Do existing data allow for a quantifiable extrapolation of animal dose to the

expected human equivalent dose for effects of similar magnitude? Or as is more
likely the case, for NOAELs?

If yes, this suggests an uncertainty factor other than a default value of 10---
with RfDs for example, a value of 3 is often used when dosimetric adjustments
are used in the determination of HEC [see U.S. EPA’s IRIS (1995) for numerous
examples]. Scientists familiar with this area have also considered this default
factor to be composed of roughly equal parts for toxicodynamic and toxicokinetic
differences between experimental animals and humans, but also recognize that
some overlap with the uncertainty factor for intra-species variability exists.

Some recent work has also attempted to quantify these distinctions in general
(Renwick, 1993).
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Since human data are used as the basis of this RfD, this factor is not needed
(i.e., UF, = 1). However, data suggest that rats are more sensitive to the toxicity
of perchlorate than humans. Thus, if the rat LOAEL from Caldwell (0.12
mg/kg/day) or the rat NOAEL from Mannisto (1.5 mg/kg/day) are used as the
basis of an RfD, a reduced UF, might be warranted.

3.2.3 Subchronic-to-Chronic Extrapolation (S)

Do existing data allow for a quantifiable extrapolation of the critical effect
after subchronic exposure to that after chronic exposure? Will NOAELs of
different critical effects after subchronic and chronic exposure, differ
quantitatively?

U.S. EPA has occasionally used values less than 10 (nearly always 3-fold)
with less than chronic exposures when data were available to support such a
reduction [for example, see the RfD for arsine on U.S. EPA’s IRIS (1995)].
Scientists familiar with this area also recognize that some overlap with this factor
occurs with the database uncertainty factor (see following discussion).

For perchlorate, the initial step in the progression to overt signs of toxicity
is the inhibition of iodine uptake by the thyroid and the discharge of unbound
iodine from the thyroid. Without this preliminary action of perchlorate, the
cascade of events that lead to altered thyroid function and morphology will not
occur. Therefore, short term assays that measure the initial step in the cascade of
effects are likely to be as accurate predictors of toxicity as chronic assays. Some
reduction in the default UF of 10 seems reasonable, but a reduction to 1-fold is
not. Thus, a 3-fold factor was applied. This partial reduction is supported by the
Connell (1981) study which showed that a 22 year exposure to perchlorate in a
sensitive individual (a Graves’ patient) did not result in any adverse effects.

3.2.4 Insufficient Database (D)

Do existing data allow for a reasoned judgment of likely critical effect,

given that any one toxicity study is unable to adequately address all possible
outcomes?

If data exist from at least five studies (two chronic standard toxicity
bioassays in different species, one two-generation reproductive bioassay and two
developmental toxicity studies in different species), an uncertainty factor of 1 is
applied. U.S. EPA has occasionally used values less than 10 (nearly always 3-
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fold) when data were available on several, but not all 5 studies (for example, see
the RfD for acetaldehyde on U.S. EPA’s IRIS (19995)], and factors of 10
(generally) when data were only available from a single study. Scientists familiar
with this area also recognize that some overlap occurs with the subchronic to
chronic uncertainty factor (discussed previously). The general solution to this
problem when subchronic studies are available in two species, is to assign the
uncertainty to the subchronic to chronic factor, and not to the database factor.

For perchlorate, the database consists of a wealth of knowledge about the
long-term administration of perchlorate to patients with Graves’ disease, chronic
studies in rats (Kessler and Kruskemper, 1966) and mice (Pajer and Kalisnick,
1991); short-term studies in normal humans (Burgi, 1974 and Brabant, 1992),
rats (Hiasa et al., 1987), and mice (Gauss, 1972); and acute studies in sensitive
humans (Stanbury and Wyngaarden, 1952) and rats (Mannisto et al., 1979 and
Caldwell et al., 1996). However, the chronic and subchronic studies are limited
by the fact that they generally only examined thyroid effects. There are also three
studies that examined the effects of perchlorate on dams during gestation, on
pregnancy outcome, and on fetal thyroid (Brown-Grant, 1966; Brown-Grant and
Sherwood, 1971; and Postel, 1957). These studies are limited because they did
not examine developmental effects other than thyroid effects. No
multigenerational studies are available. Thus, although there are a variety of
studies, the database is missing some elements, such that some factor is stiill
warranted. A UF,, of 3 is reasonable.

3.2.5 LOAEL to NOAEL (L) Extrapolation

Do existing data allow for the use of a NOAEL, rather than a LOAEL for
the estimation of an RfD?

If a well-defined NOAEL does not exist, a factor of 10 is often used.
However, U.S. EPA has often used values less than 10 (nearly always 3-fold)
when data suggest that the LOAEL is for a minimally adverse effect, since the
hypothesized NOAEL would likely be closer to this LOAEL then to a LOAEL
with greater severity. For example, compare the RfDs for acrylonitrile and 1,2
epoxybutane on U.S. EPA’s IRIS (U.S. EPA, 1996). The former RfD uses a 3-
fold factor with degeneration and inflammation of nasal respiratory epithelium,;

the later RfD uses a 10-fold factor with more severe degenerative lesions of the
epithelium.

The principal study identifies a LOAEL (1.4 mg/kg/day) for a biochemical

endpoint that serves as a precursor to a presumed clinical disease (i.e.,
hypothyroidism) in normal individuals. At this dose, however, there are no overt
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signs of toxicity. Signs of toxicity in humans, including skin rash, gastrointestinal
problems, and increased thyroid volume, occur at dose levels of about 6
mg/kg/day or higher. Therefore, the LOAEL of 1.4 mg/kg/day appears to be a
minimal LOAEL which suggests that a full 10-fold UF for this area of
uncertaintyis not needed. A UF, of 3 is appropriate here.

3.2.6 Modifying Factor

A modifying factor is not considered necessary with this database. This is
because the outstanding uncertainties can be adequately addressed with the
standard factors. U.S. EPA only occasionally uses a modifying factor; for
example, see the RfD for methyl ethyl ketone on U.S. EPA’s IRIS (1995). The
default value of 1 is appropriate for perchlorate.

3.2.7 Composite Uncertainty and Modifying Factors

The composite uncertainty factor to use with a given database for
developing RfDs is a case-by-case judgment by experts, and should be flexible
enough to account for each of the applicable five areas of uncertainty and any
nuances in the available data that might change the magnitude of any factor. U.S.
EPA describes its choice of composite UF and subcomponents for individual
assessments on its IRIS database (U.S. EPA, 1996). For perchlorate, the
recommended overall uncertainty factor is 100.

3.3 Determination of the RfD

Our proposed RfD is 1E-2 mg/kg/day. This value is determined from the
following equation using parameters previously described.

RfD = (LOAEL)+ (Bye1,°35°3p°3,° 1)
= 1.4 mg/kg/day + 100
= 0.014 mg/kg/day, rounded to 1E-2 mg/kg/day.

where:

3y 1s a 10-fold factor, applied to account for the uncertainty inherent in the
differences in human sensitivity
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1,. an interspecies UF was not needed.

3 is a 3-fold factor to account for the uncertainty in extrapolating from short-
term results to chronic exposure.

3p is a 3-fold factor to account for the uncertainty due to an incomplete database.
3, is the factor to account for extrapolation from a LOAEL to a NOAEL.

1, @ modifying factor different than 1-fold was not needed.

3.4 Confidence in the RfD

Confidence in the critical studies is medium-to-low because these studies
examined only short-term manifestations of the perchlorate critical effect.
However, while Stanbury and Wyngaarden only examined the initial step in
disruption of the thyroid-pituitary axis (inhibition of iodide uptake by thyroid),
Caldwell et al. (1996) reported a further step in the critical effect, that is decrease
of thyroid hormone levels with accompanying increase in TSH. Confidence in
the database is medium-to-low. The effect of chronic exposure to low doses of
perchlorate has not been adequately examined in either normal humans or
animals. In addition, the database lacks adequate developmental and
multigenerational studies. Reflecting confidence in the principal studies and the
database, confidence in the RfD for potassium perchlorate is medium-to-low.
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Early Adaptation of Thyrotropin and Thyroglobulin Secretion to Experimentally
Decreased lodine Supply in Man

G. Brabant, P, Bergmann, C.M. Kirsch, J. KShre, R.O. Hesch, and A von rur MOhlen

Flva hesithy male volumtesrs (sged 26 to 28 yeans] were studied both sfier 4 wests of trestment with 200 g lodine /¢ orally
{PO) and lofowing experiments! todlne depletion by trestment with 3 x 300 mg parchlocate /d PO ever ¢ &week period, In an
attampt to better define the sarty adaptive responses te 8n afterstion in lodine supply In Biyrold tunction. Intrathyroida! loding,
setum Uflodothyronine (Tol free T, (FT,), thyroxine (TJl, free T, FTL revenss T; /Tyl thyroxdne-binding globulia (TBOL
thyroglobulin (Tgl, end thyrotropla (TEH) levels {10-minute sampling over 24 hours] were messured ot the end of lodine
administration and at the end of perchlorate trestment. Thyrold volume was determined by sonography, snd lodine sontent
was detormined by fuorescence scintipraphy. TSH pulses wers snalyzed by somputensssisted progryme. Comparing both
sxperimental shuations, perchiorste trestment sipnlficantly reduced intrathyroldal fodine soncentrstion [4.0 5 1310 39 & 12
amol/mi, £ < £5], but thyrold volume and total serum T, Ty FTy, and TB G levels wers aot sitered. Mean 26hour serum TEM
levels (1.0 2 0.3 10 1.0 2 03 sU/L. 7 < D01), amount of TEH saceeted/putss (0.5 2 0.990 03 & .1 mU/L, P < £91), and FT,
Jevels (15.7 2 1.7 to 143 £ 14 pmol/L, 7 < .005) wers significantly diminlshed, wheceas Tg levels (18.0 £ 100 te 35.1 ¢ 140
ng/mL, P < 01) wore significantly Incresssd. Thyrold-spedific snttbodies were normal snd wers not altered by traatment

These dats suppest & higher sensitivity of the thyrold te TEH In the sarty adaptation 1 lodine depletion; thue, less TSM Is

sufficlent to maintaln noemal thyrold function.
Copyright © 1092 by WA Ssunders Company

E INFLUENCE OF dictary Jodine defickency oa

thyraid growth and goiter formation has beea thor.
oughly documented,! bt the mechanisms Involved in this
pathophysiological adaptation ase etill the subject of contid-
eradle controversy. Thyrotropin (TSH), via cyclic sdeno-
sine monophosphate (cAMP)-depeadent pathways, has
been shown lo directly stimulate specific thyroid funciions
such as lodine trapping, thyrold peroxidsse, and thyroglob-
vlin (Tg) gene cxpressioa™ 1o many specicn, Including
humane, TSH dircctly medisies thyrocyre prolilcrstion and
diffcrentistion, but these effects have been disputed ln
other species.’ Scvere Jodiae deficiency decreases thyroid
hormone formation, and it has been argucd that an accom.
panying Increase In circulsting TSH serum levels stimulstes
goiter growmth.%* This pathophysiological link between thy-
roldal lodinc supply sod TSH-mediated thyroid prolifers-
tion has been the dasis of the treatment of endemie goiter
with thyroid hormoncs. However, aa Incrcased TSH secre-
tion has acver convincingly beea demonstrated la paticats
with cndemic goiler grades | and 11, suggesting that the

increase In TSH serum kevels occurs Iste In the discase, ™ ® -

Bray" explaincd this discrepancy by an Increased sensitivity
of the thyrold to TSH Ia lodine defickency. With the recent
discovery that TSH ks relcased In pulscs, ' this Increased
senshivity may, as an ahernative hypothesis, be explained
by changes in the patiern of pulsatfic TSH release. Jodine
dcfciency may stimulate thyrocyte proliferation not by an
Increase in clreulating serum leveds of TSH, but by altering
the pattern of pulsatlie TSH release. In the present study,
we tesied healthy male wvolunteers for potentisl easly
chanses in the tempona! patter and absolute serum concea
uation of TSH in responsc 1o » decrease In fodine supply to
the thyrold.

SUBJECTS AND METHODS

Five healthy male subjects {aged 28 10 28 yean) participsted ln
the nwdy sficr ghving writies Informed consent. Spetial care was

. aken 0 srsure normal thyrold fuxctlos by messuring to1a! and

frec thyraxine (T and FT,) sad trilodaibyronine (Ty and FTy)

Metadolam, Vol 41, No 10 {Ociober, 1992 pp 1093-1006

(Corning, Glessen, Germany), asd by determination of thyrold-
specific antlbody leveh (Wyvold perosidase ambdodies, saih
Diyrogiobulia setfbodles, sad TSH-recepior satbhodier; Heanlng,
Beria, Germany). Nodalw thyrold changes were exchuded by
Mgh-{requency sooograply (1.8 MH1), and thyrold shae was evaty-
sted by ultrasound. Derleg the first { weeks of O study, 200 ug/¢
lodlac (Jodid 100, Merck, Darmstady, Ocrmany) was adminlutered

-orally (PO), and a1 1he ead of this pesiod dlood was ssmpled ynder

standardized conditions (sicep occomed detweea 1200 AM 1ad
00 Axg, incals were o Gued times) every 10 ouautes over 3¢ hours,
O the following day, Intnathyroidal bodiae conicat was deter
mined s previously deseribed™ by flworesceace sclatigraply (Fluo-
faceace Scaoner Sysiem €00, EGRO Instroments, MOnchen,
Oerzuay; mouniod oa & Picker Magnascanaer $00, Picker, Oeye
enany) wsing americium 241 as the source of ndiation.

Afies lodine mpplemeatstion was Siscontineed, the aubjecu
were treated with 3 X X0 mg perchlonsie/d PO (Yreasy, Tropoa,
Kila, Germany) ta Induce 8 state of iodine depletion. At O end of
8 &weck period of lodice depletion, the Iniial 24-dour blood.
sampling protocol and the evalustion of hormose lewels, tyrold-
specific antibody Giers, intrathyroldal lodlae cootem, sad thyroid
slze were repeated.

Ta Te FTy, FT¢ 204 Onyroxdac-binding glodulls (TBO) serum
levels wers measured a3 8 sean of slx serum samples cbtalaed In
$-bous intervahs by commerclally svallable ndicimarncamsy ki
(Coming, Giessen, Ocrmany, Behring, Marburg, Germany). So
nma reverse Ty (Ty) conceninntions were measvred ia the same
erum samples, bescrPed® Tp scrvm kevely were
delermined in 30-minvie {ntesvals, and la cach 10-mbovie sample
TSH was measured by ows previouddy descrbed method® wsing
comaerclally svallable Invosnometric bits (Heanlng, Berin, Oct.
many). Both rhythums of as Iadividual were tesied tn O same sel of

From the Depanmens of Clinkal Endocrinology, Mediinliche
Hocluchule Hannover, Hannover; snd Abt Nullearmedicin Univen
Nilt Noachen, Manchen, Ocrmeny.

Supparied i pant by Heaning, Berlla, Cormung.

Addrens reprint requens 10 Q. Brabant, MD, Deperment of Chinkot
Endocrinology, Meduinlsche Nochschule Hannover, Konstensn
Guuschonsy. & D-J000 Hannover 61, Cermany.
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To deicrmine poluatiic TSI relcssc, o recenty
umputer-anided program foe pube stsiph, DCSADE, wat vaed,
with o culculsied rate of fahe-poutive pubses aof leus han ). »
Crosaverclathn Melwren TSI and Te Mythme, wiing X0 minvie
Intervals for heth Maemiones, was Perfumacd using o compuier-
ssikied program." Statistical evalustion was petiormed by paired
Student's 1 test; values are presenicd os the mean ¢ $D,

RES TS

Mecan thyrold volume In the volunteers was oot signifi.
cantly diffcccnt at the end of the lodine supplementation
period and following perchlorate ircatment, Ja contrast,
Intrathyroldal kodine concentration was significantly de-
creased by lodine deplction. The clraulating serum concea-
trutions of thyroid hormones were ot significandy shered
by clther trcatment. Only serum FTq lewcls decrensed
slightly but significantly. No changes were seen fn Ty/Tior
FTy/FT, natlos, thyrold-specific anthody thers, or TDG
scrum levels (Table 1),

Servm levels of Tg almost doubled following iodine
deplction, and this effect was visible during the entire
2-hour perlod (Fig 1, Tabk 1)} Dats analysis by hoth
computer-ussisicd programs showed oo pulsailie release
paticea of Tg, and no dlear circadian changes of Tg were
found. The paticrn of TSH secretion during ladinc supple.
mentation showed the
varistions (Table 2). Following perchionaie treaiment, mean
scrum levels of TSH were significantly diminished, but the
circadian pattern was still present (Fg 1) The snatysis of
the pulsatile refease paticrn demoastrated o significant
reduction In pulse amplitude la each thythm, but ibe
numbcr and distributlon of TSI pulses remalned on-
chanped (Table 2). No significant cross-corrclation between
Tg and TSH rhythms could be detecied,

OISCUSSION

The importance of jodine deficiency for poiter formation
b undisputed. TSH may mediate these effccts by ks
interaction with lodine uptake ‘and organification and its
role in thyroid growth regulation. However, the patboplys.
lologlcal changes Ja TSH occurring during the transition
from normal dictary lodine supply 10 the supply expocted in
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slimentary lodine deficiency are aot wel) lavestigated,
In-vitro and Ia-vivo test shtuatloas tn animal models and i
maa generally focus elther on the { hyrold
function fol) lodine exposure (hay b 10004 1o
1.000-fold highes than expected, when ¢haaging from pog-

Toble 2. mnamumunhwuuum.v
M-a.msm.uunummw"v
wmao..muromcm.wmoommum
™ Perchiorvte /¢ 1n Five Healty Mate Votuntoory

| ¥ » Poruiior sy
-— Mmﬂ"mmlwwmm 15203 0% 10209
Nunber of TSH pusse/2¢ NAs248 g L FY T

- Armud?tﬂumdlm
mun) 201 o0t WSz24ay
Towaamdpubu .
0:00 M 10 4:00 ane 3240 g (L FYT]
4:00 A 19 12:00 rua sy LTV
12:00 i 10 9:00 17209 o3 Wers

NOTE. Rasuls 070 mesns 2 8D,

NOTE. Resuits ore meang 2 §O,



e OnNP g P PR ATy 9 -

-

ADAFTATION OF TEH AND Tg SECRETION T0 I00OU SUPMLY

mal to Jodinc-deficient bacations, or during 8 binckage of
fodine organification scvere enough (0 lead to hypalhyroid-
ism. 1% 32 1q our study, 8 high-normal dictary iodine supply
10 the thyroid was achicved by supplementation of indine to
the mildly deflcient inlake in_the repion, keading to 8 dally
lodinc Iniske_spproximately_cquivalent_to_that_in the
United States. This wat compared with & mild experimental
iodine deficicncy elidied by perchlorate trestment and led
to s pronounced decrease in TSH scrum lewel. These
changes are In panafied 1o findings la raus undergoing
deczeased lodine intake that [nftially show no Increase in
tevels of TSH,® whereas a more lotense bodine deficicncy
leads 10 8 continuous increase bn TSH serum levels " ®
Compansiive epidemiological studics in humans living in
rcgions with mild-to-modcrate dictary lodine deficiency
snd reglons with normal iodine supply, elther a ltaly or
northern Europe, showed a comparable reduction in TSH
scrum levels In lodine deficiency similar 10 our findioge. P
Devclopment of thyroid autonomy has beea suggesicd as
the mechanism responsidle for this reduction ln servm TSH
levels B, this interpretation ks not supporied by our data.
Development of sutonomy within 4 weeks bn bealthy
subjects seems to be unilkely. The anchanged scrum Jevels
of total thyroid bormoncs and the slight decrease In FT,
lovels may be 8 very carly sign of lnsufficicnt thyroid
hormone synthesis. Our findings Instcad point toward a
higher sensitivity of the thyrofd to the effects of TSH under
conditions of iodine depletion. By this mechankm, TSH
would more eflcctively release thyroid bormones, and this
would kad (o a reduction of circulating serum TSH kovels
via negative feeddack. Our recent investigation of 24-hour
TSH thythms In & group of nine patcnts with diffuse golter
grade 1, and in onc case grade L, supports this finding, a5
TSH scrum lovels In these patient groups were similarly
reduced compared with healihy controls.®

* The exact mechanism of jodine interference with thyroid
function Is unknown. 1t has beea shown that a high jodine
supply inhibits TSH effects on cAMP formation."B Changes
from & Jow 10 high-normal lodine supply in the rat, In the
absence of measurable changes in thyroid honmone or TSH
plasms concentrations, result la structural aliceations of
the thyrocyte, modification of the basolatcral trarsfer of
lodine, formation of fodolactones,™ > and decrcases ia Tg
fodination and endocytotic fluxes. P Oppoasite cfects oc-
curring as 3 first sdaptive mechanism of the thyroid 1o
lodine depletlon are conceivable. Furthermore, Studer e
al® provided evidence for a beterogencous sensithvity of
thyrocytes to TSH in cuthyroldsm. Recruitment of previ-
ously Inscnsitlve thyrocytes to TSH action may be another

mechanism of sdaptation in lodine defickency, and may kead
10 8n Incrcascd surface arca for lodiec trapping. Contrfdut.
Ing to this recrulument may be an increass ln thyroid hlood
fNlow, as suggesied by recent detafled stodices in rats and In
humans showing an Inverse relationship Betwocn thyroid
blood flow and lodine M

These obscrvations sre consisteat with our sesults show
ing Increased serum Tg lovels. A pantidpation of & higher
percentage of ibyrocytes in thyrold hormone synthesis and
sccretion in iodine deficiency may lesd 10 an incrcased
rclcasc of Tg stored In thyrold follicles. Decreasing folliey-
lar stoses of Tg and therefore of Tg-bound lodioe ln lodine
deficiency, together with an Increased efSicacy in trapping
lodine, may be an carly physiological mechenism of adapia-
tloa to fodine deficiency B3 ANernatively, an increased
de-novo synthesis of Tg may occur, aad the jodine conteat
of this ncwly formed Tg msy be decreased ia fodine
deficiency. Since there are currenty no assays avaladle 10
determine the lodine content of T I drculation, this
hypolhesls cannot be further evaluated Follicular necrocls,
as discussed previously,® may serve 3 another explanation
In our volunteers, but the consisteacy of thyrold hormone
kevels n these healthy subjects argues againgt such an
cxplanation. Finally, we could not coafirm carlicr
of 8 direct correlstion between serura Tg levels and thyrold
welght, serum thyroid hormone cooccatrations, oc Lthe
Ty/ T ntin.® :

Computer-assbicd snalysh of the patiern of TSH secre-
tion dcmonsiratcd that the docrease bn mean 24-bour TSH
scrven lovels was due 10 a reduction Ja pulse amplitude, but
0o change In the frequency of TSH palses oc their distridy.
tion was found. Since the thyrold volume of (he volunteers
was unalicred by treaimeny, these dats are not ncecssardly
la contradiction 10 our laltfal dypothesls of sa alicred
specific tempors] paticrn of TSH stimulation of thyroid
proliferation. The docrease In TSH serum Jevels may occur
as » very early sign of adaplatloa of the thyroid 1o jodine
deficiency, because the sensitivity of yrocytes is increascd
and » greater numbcr of thyrocytes participate ln thyrold
function, thus reducing the requirement .‘p pitulary TSH
stimulation. A further decrease tn dictary fodine supply or s
longer-lasting lodine deficlency may then alter scrum con-
centrations of TSH and/or the pulsatile paticrn of TSH
sccretion potentlafly via 8 decrease in Bhyrold hormone
synthesis, subsequently stimulsting thyroid growth,
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Abstract. Several suthors have postulated that

iodide produced by the deiodination of iodotyrosines m the
thyroid foeds into & different thyroidal iodide com ent
chan trapsported iodide which eaters the gland from outside.
Oue argument for the existeace of two separate iodide com.

riments is the obeservation that under certain experimental
cooditions orste completely discharges jodids
from the thyroid, while it bas no such effect on en:
wdide. This latter observation bowever has not been irmed
be all studies sod remained controversial. — We therefore
reinvestigated the effect of perchlorste on the secretion of

nous iodide by s pew, sensitive method. Five normal

solunteers received tracer amounts of iodide-133] }).o. and
11 days later thyroxine-1] LV. Two days later the following

It is an accepted fact thst the thyroid gland pos.
sesses two sources of inorganic iodide (1]. The first is
the iodide which is accumulsted from outside the cell
by an active transport mechanism, the so called “trans.
ported iodide . The second sources are the iodothyro-
sines, which are derived by hydrolysis from thyro-
globulin and rapidly deiodinated within the gland to
yield the 8o called “endogenous iodide ™.

While there is general agreement that both fodide
sources are used within the thyroid gland for organic
jodination and therefore for hormone biosynthesis, it
is still very controversial whether they actually feed
into the same intrathyroidal iodide compartment (2, 3).

An important argament for the existence of two
jodide compartments was based on the effect of per-
chlorate. This drug led to s rapid depletion of trans-
ported radioiodide in the rat, but seemed to have no
effect on endogenous jodide [2, 3]. In line with this
riew are the observations in man that perchlorste,
though preventing the active transport of iodide from
outside into the gland, does not sppear to discharge
internal iodide (4-8).

These observations however have not remained un-
challenged. In the dog, perchlorate [7-9] or -thio-
cyanate [10) led to s massive discharge f endogenous
iodide. Greer et al. [11] have confirmed the discharge
of endogenous iodide by perchlorate in the rst, and
they thought that the evidence for a second iodide pool
was artifactual, & view also expressed by Wollman [12).

\We have therefore considered it worthwhile to re-
investigate this controversisl perchlorate effect on

3 Earop. J. clin. Invest. Vol ¢

serisl measurements were started: serum peotein-boond la-
belled iodine (PB'SI, PB!R]), eerum total thyroxine and orin-
ary excretion of 18], W] gnd 8L — In the control period the
non-thyroxine iodine secretion calculsted from sbove

measurements was 40 ug/day. rchlorste
times daily this val igni y. Noa.
yroxine 1odine comprises the secreted trii yréaine plas
M i A J——-4 3 . 3
data do not rule out & ‘second jodide compartment, but
they are also compstible with a simple ocne compartment model.

K¢y vords: Perchlorate, thyroid, endogenoas iodide, non-
thyroxine iodine.

eadogenous iodide in normal men by s very sensitive
new double isotope method. The results show that per.
chlorats indeed leads to a small but significant incresse
of non-thyroxine iodine secretion which is most prob-
ably due to & discharge of endogenous iodide.

Methods

Five healthy persons served ss volunteers for the
investigation. The experimental set-up was adapted
from the method of Wartofsky e al. [13-15] as de.
tailed in & previous publication (16] and using the
same material.

E rperimental Protocol

Day 0: Oral intake of 80 uCi Na 1. Day 11: Intrs-

venous injection of 30 uCi L-thyroxine.\®L After a

" further two days allowed for equilibration of the thyr-

oxine-'8] blood samples were drawn daily or st two
day intervals from an arm vein. Urine samples were
oollected overnight during an exactly recorded time
varying from 6 to 9 h. Whenever the drug regimen was
changed four 6 h collections were made during one day.
Time and dosage of drugs are recorded in the result
section.
Measurements and Calculations -

3] in urine was measured by the method of Stolc
and Knopp [17] in one 48 h urine sample of esch sub-
ject at the beginning and in all overnight urines there-
after. The daily '] excretion in the control period was
62 ug when measured in the initial 48 b urine specimen
snd 59 pg when calculated from three consecutive
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overnight specimens. The agreemeant of both values in-
dicatesthatovernight urines are valid substitutesfor24h
collections. Since the subjects were eating their usual
non-standardized diet, their urinary iodine excretion
as expected varied from day to day [18]). To obtain 02 | M -iodide

more accurste values the experiment was repeated or el l
exactly in subjects No. 1 and 4, omitting the isotopes

snd measuring only the ¥l in the urine and the
mean values of the two experiments were used for

these two persons.

Calculations were done as described in & previous
- publication [18] with the exception that the fractional
‘ thyroidsl uptake of radioiodide was directly obtained N"
from the cumulstive urinary isotope excretion during

the 48 h following intake of 1M],
Differences in mean values were statistically eval-

uated with stadent’s t-test [18].

04 <4 "inurine
(/s Dase/ %)
Resulis .

. Table 1 gives details of the experimenta] subjects
. together with the results of routine thyroid function a2
: tests.
-.. &

Fig. 1 gives the radiosctivity (1®I) of the serum
jodide and the urinary excretion of ¥ and of 2]. The
latter is divided by the PB!2] of the corresponding day
to correct for variations in PB!®I which is the source
of the urinary 2], Perchlorate and later carbimazole
each lead to a stepwise increase of the ¥] of serum
which is sdsorbed to the amberlite resin and mainly
represents iodide!. The urinary excretion of I rises

exactly in parallel with the serum iodide-!]. Per-
chlorate produces an increase of the urinary I ex- .
cretion which is identical to the one predicted on the . &
basis of the known fractional thyroidal iodine uptake ]
(predicted rise in ] excretion =40.6.1-3.8%, observed
R rise 42.94-4.9%, the excretion under perchlorate being PERCAORATE
v taken as 100%). This observation, together with other s 5 o ®» 3 B Béaps
D reports from the literature (8] suggests that the dose
o . Fig. 1. Radioactivity (2]) of serum jodide (top), arinary e’
Y eretion of 5] (middle) and ratio of urinary ™ {jserum protaind
o boand ] (bottom). The mean nlm orrors of.
<y . all 5 subjects are given. Perchlorat: ea in o do
g Table t mg three times daily from d { theongh 1o day 25. 12
. - - ) - carbimazole dose was 1S mg three times daily from day 23
g Sabject  Age Weight  Thyroidal  Initial to day 25 g
. No. uptake of ] serum
& Noser) (oam) (k)  (%doe  (ugto0ml) P
(P 0., 88X -
_r:; ( at 48h) of perchlorate was sufficient to completely block jodida’
Y uptake by the thyroid. Addition of carbimazole to the,
i y g ﬁ -‘}8 3‘1’:; :;i drug regimen produces & further alight rise of the;
?_71 19 % - 5 370 Y urinary I which must be due to the fact that during
4.3 27 16 40.1 1.2 the 7 day control period after the injection of the’
e 5 Q 24 52 54.0 9.9 thyroxine-1®1 some of the radioiodine had been hkn‘
¥ Mean 058 10.68 up by the thyroid. &)
¢ . Standard error 3.81 0.6¢ The thyroidal secretion of non-thyroxine iodine as;
E calculated from the above data is depicted in Fig.
a4 1 Mono- and Diiodotyrosine would also be sdsorbed. In the control period the mean secretion was 4046
e
i3 —

2 :
." .‘i . *
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per 24 h (mean + SEXM). In 4 of the 5 subjects non-
thyroxine iodine secretion rose significantly under per-
chlorate (p value <0.05 or better) snd in one it de-
creased alightly, but not significantly. Under carbima-
zole plus perchlorate the secretion of non-thyroxine
iodine rose further significantly in all 5 persons to s
mean value 174433 ug per day. The mean values in
the control period and under carbimazole are practi-
cally identical to those reported for 9 other subjects
investigated under similar conditions (16].

Tsble 2 gives the details of the urinary excretion of
1571 together with a calculation of the thyroidal iodine
balance. The excretion of 1 rose from 60 ug in the
control period to 200 ug/day in the carbimazole period
(Table 2, lines b and i). An unexpected finding was
that the thyroid glands of all § subjects were in o
slightly negative iodine balsnce in the control period
(Table 2, line f). The cause for this finding could be an
error in the chemical measurement of urinary W1 We
think that this is unlikely, particularly since the whole

Table 2
- Subject Mosa
— 1+ 3 3 “ s i
AERY  Cootrol  8) Thyroidal radiciodine uptake 031 041 037 040 054 0404+ 0.03
' poriod {fraction of does)
. b) Urinary exaretion of '] (ug/day) 5 6 I 3 52 @ 4+ 40
e : ¢} Thyroidal secretion of thyroxine s 51 4 n 9 8 4+ 84
K jodine (ug/day)
. ! d) Thyroidal secretion of non-thyroxine 2 24 54 5 42 40 4+ 63
‘i iodime (1g/dsy)
o) Thyroidal abeotute iodine uptake: “ & 51 6 T 2 4 62
. } X (0 +o+4)® (ug/day)
) Thyroidsl jodine balance in control -38 -22 -4 —43 -9 -31 <+ 69
| period: ¢ — (¢ +d)
!
: l Pez- ¢) Urinary excretion of 7T (ug/day) 9% 13t 133 191 19 13¢ 4164
chlorate ; . .
4 b) Thyroidal secretion of non-thyroxine 60 4 120 16 u 8 4153
' period jodine (pug/day)
: Cac- i} Urinary axcretion of 7T (ug/day) 180 153 U5 200 152 200 +22
Wmazolé 4} Thyroidal sscretion of non-thyroxine s 13t 25 2z 96 17¢ +35
P iodine (ig/day)
1) Expected rise of urinary ¥ from 161 168 288 238 126 196 4294
ocontrol to carbimazole period: ¢4k —d
¢ (xg/day)
s of thY m) Obaerved rise of urinary 71 from 121 91 -192 194 100 140 +223
‘ot duri control to carbimazole period: § —& -
a of - (ug/dsy) - .
ta p) Observed rise of urinary 71 in t 18 85 87 82 ™ 2 4 43
¢ . Lakeg of expected rise: 100x m/1 (%)
iodine al * The '] measurements in the urine for these subjects are the mean values of two separsts experiments.
i Fig. ¥ Assuming that iodine from endogenous sources (non-thyroxine iodine and iodice from thyroxine breskdown) is equally
+6 available to the thyroid for reutilization aa exogenous jodine,

qe
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experiment was repeated in two of the subjects with
excellent sgreement to the first !¥] measurements.
More likely this result must be related to findings by
Dworkin {20] and Vought [21] that normal persoas are
in negative iodine balance most of the time if they
are followed under carefully controlled metabolic ward
conditions. Dworkin (20] has provided the following
plsusible explanation for this phenomenon: on a few
days of the year s large excess of iodine is consumed,
e.g. in the form of iodine.containing medications or
iodine-rich food. During these days the iodine balance
becames strongly poeitive and the thyroid gland gets
“loaded " with iodine, which it slowly clears during
the long periods of sversge iodine intake. Our subjects
were instructed not to est ses-food nor to take iodine-
containing medications during the study. It is there.
fore not surprising that an “iodine load " with & posi-
tive balance was not observed during the 4 days of the
control period.

The isotope dats allow calculation of the expected
rise of urinary !¥] from the control to the csrbimazole
period. By comparison of this calculated value with
the value actually measured the validity of the double
isotope method can be checked (Table 2, lines | and m).
The data show that the double isotope method over-
estimates non-thyroxine iodine secretion by 28%
{Tsble 2, line n). This systematic error is most likely
due to underestimation of the specific sctivity (51/
17]) of thyroidal iodine, s value which cannot be
measured directly in maa [16). Thus, while our }¥]
measurements confirm the general validity of War-
tofsky’s double isotope method [13-15], they show
at the same time thst the absolute values of non.
thyroxine iodine secretion it yields should be inter-
preted with some caution, since they may contain sn
appreciable error.

Discussion

As we have outlined elsewhere {16] non-thyroxine
jodine comprises between 9 to 24 ug of triiodothy-
ronine. Quantities in excess of this value must be due
to the secretion of non-hormonal iodine, which most
probably represents iodide derived from the mtn.
thyroidal deiodination of iodotyrosines.

Granted that the secretion of triiodothyronine re-
mains constant, any increase of non-thyroxine iodine
secretion must be attributed to sdditional secretion of
endogenous jodide. Our experiments show that per-
chlorate indeed leads to s small but significant increase
of non-thyroxzine jodine secretion in 4 out of 5 sub-
jects, and therefore, under the above premise, to an
increase of the secretion of endogenous iodide of 26 ug/
day. If the secretion of triiodothyronine, or that of
thyroxine, had sctually declined under perchlorste,
then this chaoge in endogenous iodide secretion would
disagrees with

reports by Nagataki and Ingbar [3] and by DeGroot
snd Biihler {6] who thought that in man perchlorate

only prevented the uptake of exogenous lod.xde b
had oo effect on the secretion of endogenous i
We think that the discordant results mpst be due”
the less sensitive method used by the sbove investi ‘4
tors, who may hare missed & small increase of 26 yg;
day. Nicolotf {22) using & method basically similar 3}
ours found a temporary incresse of jodine releage)
under perchlorste, lasting oniv sbout 24 h. Howevey

his method did oot take into sccount the PBIRI gn4
the PB'™] and the results cannot be fully comp
The marked rise of non-thyroxine iodine secretion ay
also of urinary !¥] excretion under carbimazole in oy
subjects is in good sgreement with previous finding

by other mthors (4-8). The results are in keepu:g )
the view that thionamide drugs block the organifice
tion of transported as well as endogenous iodide, thi
latter then being secreted quantitatively.

Contrary to our finding in man perchlorate pro
duced the secretion of all the endogenous iodide in th
rat thyroid gland perfused in sitw {11). This quant
tative difference oy be explained by the fact that fn
this latter experiment the thyroids were under maxi
mal TSH stimulation. In support of this explanation]
Rosenberg e al. (8] observed that in the dog per3
chlorate discharged only small amounts of endogenon
iodide under basal conditions, but large quumtia :
under TSH stimulation. :

Yamada {23] has shown that perchlorate added
vurostuh.\ghooneenmtwnhortzummdn oed
thyroxine from slbumin, the main binding protein #
the rat. It is unlikely that such s displacement taf .
place in man where thyroxine-binding globulin is t..
main binding protein and where drug serum lev,
attained in mivo must be much lower. Even if such »
displacement had taken place in our experiment, i
would not influence our messurements of the non-!
thyroxine iodine secretion. The doable-isotope method, R
thanks to the thyroxine-'®] injected as an internal
standard, will automatically correct for any peripheral
effect of drugs.

The effect of perchlorate on endogenous iodide is:
st first view difficult to explain. As has been pointed
out by Rosenberg « al. (8] endogenous iodide can be
disposed of either by reincorporstion into thyro-;
globulin or by secretion, as schematically illustrated.

organic iodine (thyroglobulin)’

endogenous iodide

-
.....

(k,,) o extracellutar fluid

The fraction of endogenous iodide secreted will de-
pend solely on the ratio of the two reaction rates k3
snd k,. Normally £, is greater then k, and little endo-
geoous iodide is secreted I one takes for granted that
perchlorate only blocks the influx of iodide from the:
extracellular fluid into the cell (s view that may be:
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challenged), it should theoretically have no effect on
the secretion of endogenous iodide. That perchlorate
does increase the secretion of iodide could mean either
o) thet it increases k4 and that secretion of iodide is not
o simple diffusion process as ususlly accepted, or b)
(hat ope has to consider s third reaction, namely re-
entry of part of the iodide just secreted into the sur-
rounding fluid, i.e. iodide that bas left the cell, but not
yet left the gland (11]. We prefer this latter explana-
tion because it fits better with the prevailing view on

rchlorate sction. By the same token we think that
an incomplete discharge of endogenous iodide by per-
chlorate may not be used as evidence for & so-called
second iodide compartment. Considering the above
simple model it would indeed be unexpected that per-
chlorste discharged all the endogenous iodide. Thus
sdmittedly our data do not rule out the existence of »
second iodide compartment, but they can be explsined
by s simple one compartment model.
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Effect of Perchlorate on the Human

Thyroid Gland

By Jorx B. StaxsURY AxD Jarmes B. WyNGAARDEN

FUNDAMENTAL property of the thyroid gland is that of removing

iodide from the perfusing blood and concentrating it in the processes of
hormone synthesis and storage. During recent years a large number of sub-
stances have been found that interfere specifically with either iodide capture
(trapping) or hormone synthesis. Among those preventing the latter are clin-
ically important drugs such as propylthiouracil and 1-methyl-2-mercaptoimi-
dazole. These prevent the oxidation of iodide ion to iodine and its chemical
attachment to tyrosyl groups. It remains in doubt whether this occurs through
inhibition of an oxidative enzyme, or from maintenance of the trapped iodide
jon in the reduced state, or through some other mechanism. It is evident, how-
ever, that thiourea and related substances do not prevent the trapping of iodide
by the gland.!

The trapped iodide exists in dynamic equilibrium with the iodide ion of the
blood. If the trapped iodide is labeled with I** it can be rapidly diluted out by
the administration of a relatively large amount of the stable isotope, I'". The
administration of thiocyanate ion, an ion sharing many properties in common
with iodide, will also result in a discharge of trapped iodide from the gland.
Likewise, prior treatment with thiocyanate will prevent the accumulation of 1'%,

In a systematic survey of anions that might have an effect similar to that of
thiocyanate, Wyngaarden, Wright and Ways? found that in the rat perchlorate
was approximately 10 times as effective as thiocyanate. I™ accumulated by the
thytoid of the rat receiving propylthiouracil was rapidly discharged when per-

- chlorate was injected, and pretreatment with perchlorate eflectively prevented

thyroidal accumulation of iodide. The mechanism of action of perchiorate is un-
known, but competition for receptor groups of the gland that are responsible
for the initial inorganic binding or inbibitory effects on enzyme systems have
been suggested.t-?

Perchlorate appears to have had little pharmacological attention. Kahane*
observed the effects of intravenous injections on four rabbits; 250 mg. of NaClO,
was without effect, but 300 mg. by intracardiac injection caused a transient
paralysis of the hind limbs, and in two animals diarrhea. Eichen? found the
effect of perchlorate on the frog heart to be identical with that of thiocvanate.
He administered 1 to 2 gm. orally to patients and observed no ill-effects. Seventy
per cent was recovered in the urine in 12 hours and 859, to 909, in 24 hours.

From the Thyroid Clinic of the Massachusetts General Hospital. Boston.
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334 PERCHLORATE AND HUMAN THYROID GLAND

Durand* gave a patient 784 mg. of NaClO, and found it in the urine 15 minuteg
later. At three hours 30 had appeared in the urine. He found no evidence

methemogoblin formation. i
The similarity of action of perchlorate on the thyroid of the rat to \_/Q
thiocyanate suggested an extension of these observations to the human o

The results herein reported indicate that the effects in thyrotoxic patients s ,
similar.
MeTHops

The subjects of this investigation were patients with Graves' disease who we -
attending the Thyroid Clinic of the Massachusetts General Hospital. In almost
all there had been no recent treatment for the disease, but an occasional patient
had been receiving 1-methyl-2-mercaptoimidazole for a variable period of tin
The initial observations were always made at least a month after discontinuan_
of all therapy. .

The antithyroid drug employed was 1-methyl-2-mercaptoimidazole, pv
orally in a single 30-mg. dose. Tracer doses of 1% of appraximately 10 mia
curies were used. Measurements for the most part were obtained with a lead-
shielded scintillation counter employing a sodium iodide crystal.! The crysts!
was approximately 10 cm. from the anterior surface of the neck, and the l&
shielding was in contact with the neck. The sensitivity of the machine was
approximately 4000 counts per microcurie at the same distance. Counting rates
from the antenior part of the thigh were obtained at the same time. The obee
vations on tBe first four patients were obtained with a four-quadrant acintill
tion counter.” The sensitivity of this device was approximately 1000 counts per
microcurie at the geometrical center of the array. The findings with the tv-
devices were in all respects comparable. Forty-eight hour 12 accumulations 1
the glands were obtained from the four-counter array by comparing the patients
with a suitable standard and employing a predetermined correction factor. © 1
appreciable radiocactivity was present in the neck at the time of 8 second __
a larger tracer was given so as to minimize the background correction. .

A series of observations was made on 12 patients with typical Graves' disease.
The experiments were of three types. In one the subjects received a blockis
dose of 1-methyl-2-mercaptoimidazole, then a tracer of 1'%, and, when this hs
accumulated in the gland, an oral dose of KCIQ,. In the second series the KC10,
was given before the tracer. In the third group the blocking drug was omitted
and the KClO, given prior to the tracer.

Restirs
Perchlorate Discharge of Accumulated lodide

To eight patients 30 mg. of 1-methyl-2-mercaptoimidazole was given orall,,
and to a ninth a dose of 200 mg. of propylthiouracil was administered. Approxi-
mately one hour later a tracer of I'" was given. The accumulation of this in t}
neck was recorded at frequent intervals until it was leveling off or slowly d
clining. At this point guantities of KCIO, varying fro 300 mg. were given
orally in small volumes of water. In each patient, except the propylthiouraci'
treated patienf, there was a sharp.fall in the counting rate within a few minut
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4 after ingestion of KClO,. This always occurred within 30 minutes. With smaller
He found no eVldenee ' ~¥ duses the discharge of the I'*' was incomplete, hut doses of 100 mg. caused a
" fali in counting rates nearly to, or in one case slightly below, the counting rates
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Figure 1 illustrates the effect of a single 100-mg. dose of KClO, on trapped
iodide. Only 155 of the initially accumulated ['* was present in the neck with
a few minutes after administration of the KCl1O,. At least part of the res’

laheled iodide recorded from the neck was in the blood circulating throug: <
structures of the neck rather than in the gland parenchyma. If as a correction z
the counting rate recorded over the thigh is subtracted, then it appears that *~
scarcely any [ remained trapped within the thyroid after the perchiorate,
In Figure 2 is shown the effect of 10 mg. of KCIO, followed by 100 mg. The --
16009 1 O.f. Mol Age 23
. :
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TIME IN MINUTES

Fic. 3.—Perchlorate inhibition of iodide trapping. One bundred and twenty minutes -
before zero time the patient received 30 mg. of 1-methyl-2-merceptoimidazole, and st sero
time s tracer dose of I'". The solid curves represent the events when the patient received
no KC10,. The dashed curves represent the events when 100 mg. of KC10, was administered
60 minutes before zero time. In esch case the upper curve is counts from the thyroid region
and the lower curves counts from the thigh. The abacissa is time in minutes; the ordinate
is net counts per minute. The two tracers were adjusted to the same counting rate. Note
the inhibition of iodide uptake by the prior sdministration of KC10..

smaller dose resulted in an incomplete discharge of the I and the larger doee
in a further discharge. The final counting rate over the gland was approximately
four times that from the thigh.

Perchlorate Inhidition of I'" Accumulation in the Blocked Gland

Two patients received 30 mg. of 1-methy]-2-mercaptoimidazole, and an hour
later 100 mg. of KClO, orallv. One hour later tracers of I were given. A few
' dayvs later exactly the same observations were made except that the KCIO, was
omitted. KClO, inhibited the accurnulation of 1" by the thyroid. This is illus-
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trated in Figure 3. The patient was a young man with severe thyrotoucosis.
The accumulation of I'* in his thyroid when he was pretreated with perchlorate
was only 275 of what it was when no perchlorate was given. At least a portion
of the I'" must have been in the blood of his large and vascular gland rather
than in the parenchyma of the gland. When the correction from counting rates
over the thigh is made, this value becomes 13<7. In the second patient the dif-
ference was even more striking. The counting rates from the neck were the
same as those from the thigh after administration of KCIO,.
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F16. 4.—Perchlorate inhibition of iodide trapping. The lower curve represents the events
when 100 mg. of KCIO, was sdministered orally one bour prior 1o zero time. The upper
eurve was obtained without prior administration of KC1O,. The tracers were given at zero
time and were adjusted to the same counting rate. The abscissa is time in minutes; the
ordinate is counts per minute, or percentage of administered doee in the thyroid.

Perchlorate Inhidition in the Unblocked Gland

Three patients received tracers of I'* an hour after being given 100 mg. of
RCI10.. No 1l-methyl-2-mercaptoimidazole was given. Several days later each
patient received & control tracer of 1" without previous perchlorate. In two,
the studies were continued for 48 hours, but in the third a period of observation
of only five hours was possible after the tracer.

The single doee of KCIO, strikingly depressed the accumulation rate of the
1¥, as well as the 24-hour and 48-hour accumulations by the glands. It was
apparent in the two longer experiments that after five or six hours there was an
inflection in the counting rate curve in an upward direction. This is illustrated
in Figure 4. In this patient the 24-hour and 18-hour uptakes of I'" were 12.99,
and 11.29, respectively, of the administered dose when they were pretreated
with perchlorate, and 68.0%, and 69.29, at 24 hours and 48 hours, respectively,
when the uptake studies were done without prior administration of perchlorate.
In the second patient the control values were 70.3%, and 69.9%, of the adminis-
tered tracer dose present in the gland at 24 and 48 hours; when the patient.was
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) ’ pretreated with KClO,, counting rates corresponding to 21.3%, and 21.09, were
recorded over the thyroid at 24 and 48 hours, respectively.

1 Discusstox

‘ The antithyroid drugs of the thiourea group have provided a means for ~

| rating for study the systems of the thyroid involved in iodide trapping o, _c

¢ one hand and hormone synthesis and release on the other. The iodide of the
thyroid exists in exchangeable equilibrium with the iodide of the blood, although
there is a considerable concentration gradient in favor of the gland. This iodide
has been shown to be nonprecipitable and diffusible.! When this space is de-
marcsted with I'*, the isotope can be readily diluted out by an excess of 1=,
and also displaced by an excess of thiocyanate. The latter effect is particularly
interesting because s concentration gradient of thiocyanate has not been found.*
One theory proposed? is that these ions are in competition for binding sites on
the surface of or within the thyroid cell.

Perchlorate appears to be another substance that ean displace iodide from its
position in the thyroid gland. The data here presented demonstrate that this
occurs with considerable efficiency. A doee as small as 3 mg. given orally pro-
duced a considersble fall in thyroidal iodide. Not only is trapped iodide dis-
charged from the glands of patients being trested with the antithyroid drug
1-methyl-2-mercaptoimidazole, but also, if perchlorate is given before the tracer
of I', accumulation of the isotope is inhibited. Perchlorate ion sppears, there-
fore, to have an effect on the thyroid qualitatively similar to that of thiocyanate
ion. These data, however, provide no clue to the precise nature of the trapping
mechanism or the nature of the effects of perchlorate, or thiocyanate. The simi-
larity of the effects of the two drugs may be only superficial.

The duration of the inhibition of iodide uptake after the oral administration
of 100 mg. of perchlorate appeared to be about six hours. Beyond six hours
sccumulation of I’ commenced. Durand® found that at this time approximat
balf the administered dose of perchlorate has been excreted in the urine. AL
dose should provide a more prolonged period of inhibition.

The demonstration of perchlorate goiter in rats by Wyngaarden, Wright and

~ Ways® and their demonstration of several other simple substances that inhibit
iodide uptake suggest that a variety of hitherto unsuspected agents may be
operative in the induction of sporadic goiter. The data here presented on human
\ subjects suggest that perchlorate may have a role in therapeutics.

Suamuary

Aqueous potassium perchlorate, when given in oral doses of 3 to 100 mg.,
results in a rapid release of previously accumulated iodide from the thyroid
glands of human thyTotoxic subjects treated with 1-methyl-2-mereaptoimidazole.
Perchlorate also effectively inhibits the accumulation of tracer I, This action
is qualitatively similar to that of thiocyanate. '

The period of inhibition of uptake of I'" after a single dose of 100 mg. of
perchlorate is approximately six hours.

No toxic effects of perchlorate were encountered in these patients, who were
given no more than three doses for a total of not more than 600 mg. of the drug.
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Long-term use of potassium perchlorate

J. M. C. ConneLL .
M.B., MR.C.P.

Department of Medicine, Western Infirmary, Glasgow

Summary

A case of Graves’ disease with potassium per-
chorate for 22 years without Il effect is described.
Thyrotoxicosis recurred 4 weeks after the medication
was witbdrawn, suggesting that euthyroidism had been
maintsined by chronic use of the drug. As toxicity of
perchlorate is probably dose related, It Is suggested
that loag-term use of low dose perchlorate may be no
more harardous than alternative aatithyroid therapy.

Iatroduction

Potassium perchlorate was extensively used as an
antithyroid agent in the late 19505 and early 1960s
{Crooks and Wayne, 1960): by competitive inhibi-
tion of the trapping of iodide by the thyroid it was
eflective in reducing thyroid hormone production
by the gland, and consequently in relieving symptoms
of thyrotoxicosis (Godley and Stanbury, 1954). No
evidence has been produced to suggest that it might
influence the natural course of thyrotoxicosis.
Following reports of toxicity, in particular of bone

- 27 I/ marrow hypoplasia (Barzilai and Sheinfeld, 1966) it

fell into disfavour, and is now used mainly for
investigative purposes. The author now reports a
case of long-term use of potassium perchlorate.

Case report

. A T2-year-old female was referred to the Thyroid
Clinic in August 1980 with symptoms of thyrotoxi-
cosis. She had a partial thyroidectomy

" in aother hospital in 1943 for thyrotoxicosis. In

1936, she was diagnosed as suffering from pernicious
anaemia, and started on regular vitamin B,, therapy.
In 1938, her thyrotoxicosis recurred both clinically
and biochemically. She was rendered euthyroid with
potassium perchiorate, one_g/day by mouth for
one m intai n 200 m

day,_wi ms. She remained
clinically euthyroid on this therapy without jll effect
until May 1980, when her GP siopped the potassium
perchlorate. Four weeks later she developed symp-
toms of thyrotoxicosis, including weight loss, heat

A% A

“dai
intolerance and excessive sweating, and wag :‘_
ferred 10 the Thyroid Clinic. Apart from PeThiciong
anaemia affecting & matermal aunt, she pave o
other history of note. -

On examination she was clinically thyrotoxic,
with warm moist palms and hyperkinetic
She had a tachycardia of 120 beats/min. A
diffuse goitre was paipable, with the left lobghs.,‘
larger than the right; no bruit was audible. There
was no ophthalmopathy. Other examination wys
unremarkable. :

Initial thyroid function tests confirmed the clinicy|
impression with a T, of 245 amol/l (normal range
59-174), T, of 42 nmolfl (nocrmal range 129-3-3)
and a free thyroxine index of 774 (normal
17:8—461) (Amersham radioimmunoassay kit). Thy.
roidal uptake of }*'lat 20 min after i.v. administry.
tion of the tracer was elevated at 9-7% of dose
(oormal range 2-87)); the precipitin test for thyro.
globulin antibody was negative. A technetium scan
of the thyroid showed a diffuse uptake of isotope, with
the left lobe more active than the right. Haemoglobin
was 11-3 g/dl with an MCV of 88 fi; WBC was
5-3x10°/1, with normal film appearances; platelet
count was normal at 194 x 10°/1. )

A diagnosis of Graves’ discase seemed reasonable
in view of her history of pernicious anaemia, and the
diffuse thyroid scan appearance. In view of ber age,
and recurrent nature of her iliness, she was treated
with radioactive iodine (3]) by mouth, and is now °
clinically euthyroid. -

Comment

This appears 1o be a unique case with maiotenance
of euthyroidism by the use fum perchlorate
oyer a period of 22 years. The Lionship

between withdrawal of perchiorate and recurrence of
thyrotoxicosis suggests that perchlorate was re-
sponsible for the maintenance of euthyroidism, by
continued chronic intrathyroidal jodine depletion.
With the withdrawal of perchlorate, unblocked
excessive iodide trapping was able to occur, leading
10 excessive thyroid hormone production; this

0032-5473/81/0800-0516 302.00 T 1981 The Fellowship of Posigraduate Medicine
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“w:\:g:c:' ai:.::p:lalions by the introduction of lgrlf‘l::li;‘ D;;: :ru;:ammu. (1966) :l::l l:c;;r::amps ; :
. : . o perchiora RICOSIS.
}':ury iodine supplementation (Connolly, Vidor lirack Jownal of Medical Scieace, 1, 433, '
Jnd Stewart. 1970). ) " ; Comwousy, RJ., Vioos, Gl. &”‘S’:u_un. iC (l’r‘m) :
his patient received potassium perc orate for lncm.n in thyrotoxicosis in an mic goitre area afier e’
.sT 'ars without any untoward effects. The reports C'“ﬂ”'ﬂ :f\bv':“- l;_'_"“('i :-w’:’: compariasn of potassivm .
of adverse reactions to potassium perchiorate sug- m«, l:ﬂ':.yllhw snd carbimazoke in the re
red that these effects of the drug were dose related treatment of thyrotonicosis. Laacer, |, 401. ‘
Morgans and Trotter, 1960), and it may be that Gootry, A.F. & Stansury, J.B. (1934) Preliminary experi-
o dose perchlorate (200 mg) is no more toxic than ence im the reatment of hyperihyroidism -tb&ol;:uum
: : ; : perchlorate. Jesrne. i Eadocrinolegy, .
(he cufrent generation 'of thiourylene antithyroid Morcas. ME. & Taotroa, W.K. (1960) P m per-
4rugs (Barzilai and Sheinfeld, 1966). chiorate in thyrotoxicosis. British Medica! Jasrnal, 1, 1084.
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EFFECTS OF METHYLMERCAPTOIMIDAZOLE (MMI,.
PROPYLTHIOURACIL (PTU;.
POTASSIUM PERCHLORATE 'KCIO,} AND
POTASSIUM IODIDE {(KI. ON
THE SERUM CONCENTRATIONS OF THYROTROPHIN (TSH;
AND THYROID HORMONES IN THE RAT

By
P.T.Mannisto: . T. Ranta® and ]. Leppaluotod)

ABSTRACT

Male Spraguc-Dawley rats were given graded doses of methylmercapto-
:midazoie . MMI). propvithiouracil PTU). KC!O; or KI in drinking water
far 4 davs. or the lowest effecuve dose of each drug for various times.
The ra:s were sacrificed at 1-2 p. m. and serum T3 T, and TSH concen-
trations were measured by radioimmunoassavs. [t was found that admin-
istration of 3 mg | of MMI 10 mg 1 of PTU and 100 mel of KCIO, for
4-14 days induced a transient rise in serum TSH and a fall in serum T,
or T, or in both. The eifects of K1 were not corsistent. In another series
nf experiments. PTLU {10 mg 1} was given in drinking water for 4 davs.
2nd then graded doses of T,y or T, were given 1v. or 100 ng of TRH was
1njected into a tail vein. or the animals were exposed to 4C for 30 min.
The initial high TSH levels were further increased by TRH and cold and
decreased by Ty and T, The PTU-treated animals had goitres after 4
davs. We infer that low doses. that is to sav !0-100 times lower than
previousiy described. of antithyroid drugs induce 3 hvpothyroidism char-
acterized by an increased TSH level and a decreased serum Tg or T,
level or both. A 4 davs' treatment with PTU (10 me | in tap waterj is a
suitabie tool for studying the effect of various conditions on TSH secretion.
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The erfects of various anuthvreoid drugs are ~eil documented at the lavel
ihe tnvreid giang Stanicy & dAstuwod 1947, Ricaards & Ingbar 1959: /ino et o
19n1. Hersnmun & Van Middlesworth 1902 Nagatak: & Ingoar 1964: Wolgs
1904 . However :neir effects on the serum concentrations of immunoassa+-
T. T, arnd TSH have been less wideiv studiec. In most of the previous .

oniv one. and evidently a high concentration i an anuthvroid drug [
used. resulting in at least temporarily increased secreton of TSH |
Laurence 1904, Wilber & Utiger 1957 Licucndahl ot al 1972 Griessen
Lemarchuna-6éraud 1973 Sadcriet al. 1973

Tre effects of suprapituitary factors on the regulation of TSH are usua
studied in siuations where the secretion of TSH is stimulated. We have p .
viously stimulated TSH secretion in rats by cold-exposure (Leppdluoto et gf
1974: Tuomisto et al. 1975: Ranta et al. 1977 and found that it is possi
to modify the stimulated TSH secretion by various drugs influencing cent |
neuro-transmission (Tuomisto et al. 1975: Ronta et al. 1977: Mdnnisté et o
1979, In other studies TSH secretion was stimulated bv thvroidectomy byt .
very high TSH levels were not changed by drugs (Mueller et al. 1976) or
cold-exposure {Munnisto. unpubl. results).

To find another reliable svstem for the stimulation of TSH secretion and -,
elucidate the acute effects of various antithvroid drugs. we measured ser |
concentrations of Ty. T, and TSH by specific radioimmunoassays in a series
of experiments where graded doses of four antuthvroid drugs were given to *t»
rats in tap water for 4 davs. In the further studies a low effective dose of e: |
drug was given for varied periods of time. We were able to show that very low
concentrations of antithvroid drugs effectivelv stimulated TSH secretion. The
elevated TSH levels responded to exposure to cold. to thyroid hormones a |
to TSH-releasing hormone.

MATERIAL AND METHODS
Animals
Male outbred Sprague-Dawley rats weighing 150-220 g at the beginning of the
periments were used. They were kept 2-3 animais per cage and fed tap water and
pellets “iodine concentration 0.5-1 mg kgj ad liditum. The animal room was aruficiallv
illuminated from 7 a.m. to 7 p. m. and kept at 20-22°C. The animals were decapita §
between 1 p.m. and S p. m.

Experimental designs

1. Studies with various doses of propyithiourac:i (PTU'). methylmercaptoimida:..c
tMMI:. KClO, and K]. - In the first senies of experiments graded doses of PTU (0.
1. 5. 10. 25 and 30 mg/1). MMI {0. 1. 5. 10 and 23 mgrl), KCIO, (0. 10. 50. 100 - 1
300 mg 1} and KI (0. 10. 100 and 1000 mg'l) in tap water were given to groups of 5

D ]
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.ovs dvminnine a1 b o m.oon the first dav. Tae consumption of drinxinc

IR}

pit et vom..of it 2il the grouos. The daiiv duse of each drue at 10 me | leves vaned
rud “ e~ ome All amimais 7amned wegnt simulariv ang were appa‘renuy Aeaithv.
:‘.:"‘"J:‘_“ _+ a.rc decapitated on lh-t jth dav 3t t-3 p m and the whole trunk bivod
Y et f the measurement of serum T, T, and TSH concentrations ¢f. beiow .
* .. .un series of experiments PTU /10 me 1. MMI 5 mg-1). KCIO, 100 me !

’TH ‘e my s were given an tap water as above and the animals ‘n = 3-7 in cach
P s devapitated on the 2nd. dth. Sth. 9th and 14th dav at 1-3 p. m. One or two
"_'j‘:ul ev w2re killed at e2ch soint of ume total 6-3 controls per each druc .

1’1 e .o oxoeniment PTU 10 me | was qiven in drinking water as aoove and
_‘m i1s ren and 10th dav n=6; the animals were decapitated. The control rats
.o wore mied on tne iUth dav. The thyroid glands and adenchvpophvses were
,;\‘scd :nd weighed.

2 B wi cold. TRH and thxrotd harmone trcatment on TSH concentration in

oy et PTU trcated rats. - la the firse series of expeniments the reproducibalitv of
¢ PTU-incuced TSH response was studied. PTL (10 me 1) was given in drinking
sater tur 3 or 4 days and then the animais were decapitated for the measurement of
oeum TSH T=¢ experiments {3-7 rats in each; were repeated 3 times and the coeffi-
_ears vt ~ariazion in the final serum TSH concentrations were caleulated.

In the second experiment PTU (10 mg |} was given in drinking water as above. On
.« 4th Gav 1V raws were transferred to a room with a temperature of 4°C for 30 min
s~4 then sacnificed for measurement of serum TSH. Other 10 rats were given 100 ng
. TRH into a tau vein and the animals were decapitated 10 min later. The control
jumais me il received saline iv and were decapitated at the same time. The fourth
group of 7ats A = 10) recerved water instead of PTU.

in the third experiment GO rats received PTU {10 mg 1) as above for ¢ davs. Then
¢raded doses of T, (0. 1.25. 2.5 5. 12,5 or 123 ug kg, or T, (5. 23, 87.5. 30. 100 or
vy ag s were injected into the tail vein. The rats were decapitated 2 h later for
-easurement of serum TSH. This time interval has been found suitable in an earlier
sugy in cats “Wilber & Utiger 1967).

Hormunes and drugs

Tavruxine. triiodothvronine. propyithiouracii. methyvimercaptoimidazole. KCIO, and
Al were purchased from Sigma 'St. Louis!. TSH-reieasing hormone was obtained from
{2biochem ‘San Diegol.

fudivimmunoassays of serum T T, and TSH

T. and T, antisera were purchased from Farmos [Turku). T, antiserum had a cross-
ety of <N.01 % against mono- or diiodotyrosine and 0.15%s against T, T,
szuserem had a cross-reactivity of < 0.01 %4 against iodotyrosines and 0.55 %' against
T l.labelled T, and T, were purchased from Amersham. Encland. A 100 «l serum
amzic was incudated overnight with anuserum and tracer at 4°C in a buffer con-
:zauns anilinonaphtalen-suiphonate. The immunocompiex was precipitated with poly-
=avieneelveol final concentration 12.3%s w v). Serum TSH was measured with a rat
TIH ¥it obtained as a gift from NIAMDD. A rat TSH preparation RP-1 was used as
astandard (Ranta 1973).
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Lijcets of graded duscs of antizisrond drus-. caministered for 4 days.
2 scrum Ty, T,ana TSH concearations

PTU. - At the PTU leve: of ) mg i there were no signincant ¢ o/
serum hormone levels in 4 davs. At 53 me i serum TSH rose from 3§ 0
ag ml (P < N03; and remainec at abour that level at higner doses. duagj
catly significant falls in serum Ty and T. vccurred at 10 me | or at highe.

doses iFig. ).

MM/I - MM did not aifect serum hormone concentrations at 1 me. ] ¢__,
level in 4 davs. At 5 mel serum TSH increased from 640 to 2150 ng m;
P < 0.01) whereas serum T and T, were not significantly affected. At ¢
and 25 mgl level of MMI. serum TSH was sull high but declining. Serum
concentrations decreased from 32 to 37 nmo! ]l at 10 mg| ‘P < 0.03) and ¢
32 mmoll at 25 mg | {P < 0.51). The serum T, concentrations remained
changed at all MM dose leveis Fig. 2).

SCH

¢ H < b Simgi

Fig. 1.
Serum T, (A—4A: 10-) nmoli. T, {a—aun: nmol I) and TSH (@—e@: 10- ng i
concentrations as a funcuion of :ze PTU dose :mg.l in drinking water: log scale’ r
the rat. Mean * sem. n = 3-6. Stausties: x P < 0.05. xx P < 0.01 vs. the water controls
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!
[
K 5 9 15 mgrl

fFig. 2
wam T T, and TSH concentrations as a function of the dose of MMI (mg! in
drinking water: log scalel. For further iniormation. see Fig. 1.

SCC mg

Fig. 8.
veram T, T, and TSH concentrations as a function of the KCIO, dose (mg:1 in drinking
water: log scalei. For further information. see Fig. 1.
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Tasie |
Serum T, nmoi .. T, nmoll) and T3H ne ml cnncenirauions as a function o yj,
dunne PTU o me i MMI 5 mei. RCIO, 100 mz 1, and KI 100 me i, treaume
The drurs were ziven in a5 water.

} Duration of the treatment. davs ~

! 3 2 4 ) 9
T, mnol |
PTU 30040 3432355 $50=79% 274z 41tt 121216% H% v
MMI 0931 490232 434zZ1% 0 s6Sz4lt - Hizi2
KCO, 521z5% 408226 475227 454223 - -
Kl 094230 451232 63529 45209 618243 §2.7: o
T wmol !
PTU 1.§z03 0.352007°* 07=014" 0620.09** 06%0.13** 08="1"
MMI 20z012 242012 2lzol 1920.15 - 23: 2.
KCIO, 20010 2.1%0.16 1.6=0.11 1.620.06 ~ -
Kl 292022 18200/ 235z016 292010 22=007 272518
TSH. ng'ml
PTU 320z=50 9802 100* 1400= 75" 2450350 4550z 410%° 13002 ;0
MMI 3052130 750220 2300z 230%° 990z170° - §00z2:7
KCI0O; 610=110 720%160 1120Z100° 1095140 - 1200z -
K1 650=50 1460%240% 134021150 1090230 1350=300 570z

Mean = seM. n = 3-8. Statistically significant changes irom the control values {= 0 da.
are shown as follows: * P < 0.05.** 2 < Q0L

S
KClO,. - At 10 mg.1 dose level serum hormones were unchang. . a

50 mg | Ty fell from 2.1 to 1.7 amoll (P < 0.05) and serum T, from 36 t
36 nmol:{ (P < 0.01). Similarly. T, remained low at 100 and 300 mg:l s
fevel and T; at 100 mg;! dose level. Serum TSH rose at 100 mg/l from .}
to 1170 ng'm! {P < 0.05) and continued to rise to 1490 ng ml at 500 mz
(P < 0.01) (Fig. 3.

K1. - There were no statistically significant changes in the hormone conucr
trations at 10-1000 mg‘]l dose levels of KI in 4 davs (data not shown),

Serum T3, T, and TSH concentrations during administration of
the four antithyroid drugs for various times

PTU. - When PTU (10 mg 1) was given. serum T, fell on the 2nd dav f =
1.8 to 0.5 ng'ml (P < 0.01) and remained at this low level for several d s

8
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Tabdle ! -
TsH ag ml* conceatrations as 3 functiog &
RC:0, 100 mg: ara Kl 160 mg/l) trey

Lfe Ziven in tap water

1on of the treatment. davs

3 6 9
QI T.0Y 204 12116
4228 3685=41" -
+ 32270 434223 -
535229 748209 615%48
v.rZ014>  0620.05*" 06013
=02l 1.920.15 -
62011 1.6£0.06 -
32016 29=0.10 222007

02735% 2450%350"" 4550z 410** 1500

0=230°* 990170 -
1202100 10952140 -
3402250 1090%230 13302300

sruficant changes from the control values (..
2 <001

P

| serum hormones were unchanged,
..moll (P < 0.03) and serum T, from
T, remained low at 100 and 500 mgA¥
+« el. Serum TSH rose at 100 mg/l fronm
itinued to rise to 1490 ng.ml at 500

. significant changes in the hormone concen-

»wis of Kl in 4 davs (data not shown).
s during administration of ¥

s times <
~as given. serum T; fell on the 2nd day fro-
mained at this low level for several dayl.

.- ot

a-
-

erum 7. ’ell from 30 to 33 nmol! (P <905 on the 4th day and reached
; cers i minimum 12.! nmol I. P < 0n0L. on the 9th dav. Serum TSH rose
:...m <2010 21130 ng | on the nth dav (P < 001! and increased further to a

mavmum of 4330 ne mi on the 9th dav +P << 0.01). and then fell to
R mni on the t4th dav Table 1.
The weizhts of anterior pituitaries were increased and the rats had goitres

ear A5 90 the 4th dav of the PTU -treatment ' Table 2).
‘\

wil - With 3 me | of MMU in drinking water. serum TSH rose {rom 305
I‘u.w nz ml on the oth dav (P < 0.01}. theu fell to 990 and 800 ng. mi on

¢ 3a and 14th dav. respectively. The fall in serum T, was significant on
e 0L P <005 and lith dav (P < 001). Serum T, remained unchanged
Juriny the expenment (Table 1).

.o

KCI0:. - When 100 mg | of KCIO, was given. serum TSH rose from 610 to
1120 ng ml on the ith day remained at that level. Serum T, decreased from
100 i.0 mmol’l on the 4th and 6th day. Serum T, also decreased from the 2nd
4av but the change was not statistically significant in this experiment (Table 1).

kl. - When KI (100 mg 1) was administered in drinking water. serum TSH
e from 650 to 1460 ng ml on the 2nd dav (P <€ 0.05) but then declined to
e ininal level. Serum T, tended to fall at the beginning of the treatment but
acreased on the 6th dav from 52 to 74.8 nmol 1 (P < 0.05) and on the 14th dav
. 327 nmoll (£ < 0.01). Serum T, concentration was decreased on the 2nd

jav oniv {Table 1).

Table 2
The weights of the thyroid and anterior pituitary glands of the rats
during adminustration of PTU (10 mgl) in drinking water for
4 or 10 davs.

Wet weight {mg 100 g of body weight)

! Toyroid gland | Anterior pituitary

Control 58%08 236 =01
4 davs on PTU 188 £ 0.1°° 3.5 %0.1*
10 days on PTU 16.0 £ 0.2** s4201°

Mean & sem of 6 amumals in each group. * P < 0.035. ** P < 0.01
vs. the cantrol rats.




e -——‘~—w1

[ o2 23 020 100
Dose of Tply po/"g,

Fig. 4.
Effect of graded doses of T (o-=---0: 0-123 ug'kg iv: log scale) and T, ‘90—
5-375 ug kg iv: log scale) on the serum TSH levels elevated by a prior PTU treat -
{10 mg | in drioking water {or ¢ days). The rats were killed 2 h after the injection ¢
saiine. Ty or T, n=43 at each dose level. Mean * sex. Statisucs: « P < 0.0% v,
the PTU control raws (... .}

Eficcts of various manipulations on serum TSH concentration in
the PTU -treated animals

Reproducibility. - When PTU (10 mg/1) was given to groups of 5-7 raus :-
5 separate experiments. serum TSH rose from 441 * 32 to 906 * 104 n~ ~
(mean = seM) in 3 davs and from 600 * 31 to 1720 * 125 ng'ml in 4 ¢
The respective coefficients of variation in TSH concentrations were 30°¢
(3 davs’ treatment) and 16 %, (4 days’ treatment).

Table 3.
The effect of cold exposure and TRH oa the serum TSH
levels in the PTU-treated rats (10 mg/l in drinking water

for 4 days).
Treatment Serum TSH (ng mi}
Water control 446 = 81
PTU control. 32°C 1179 * 169
PTU and 30 min at «°C 2177 2 207
PTU and 100 ng of TRH iv 2161 = 150°

Mean * sty of 9-10 animals.
* P < 0.0] vs. the PTU control.
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Cife: of thyroid hormonis. TRH and cold-exposure. - In the first experi-
pent (R rats were given PTU /10 me I. 4 davs) and then various amounts of
poar T Within 2h smail amounts of T /1.7 wg kg; and T, (5-30 ug kg) did
an seniiicantly modifv TSH levels but higher doses rapidly decreased the
;rum TSH levels {(Fig. 1 In another experiment the high TSH levels. in-
gced PTU. were (urther increased by iv injection of 100 ng of TRH (from
32 1m0 2177 =2 277 ng ml. P <001, and by transferring the rats from
.-_‘ w4 U for 30min (10 2210 = SO ag mi. P <001 (Table 3.

OlsCUSSION

{a this study each antithyroid drug induced a different pattern of serum im-
munoassavable hormone levels at the beginning of treatment. We observed
st in (re PTU-treated rats T, fell and TSH increased carly and T, decreased
iuer. [n the KClOy-treated rats T; and T, decreased at a parallel rate and
TXH levels increased at the same _time., Administration of MMI did not affect
7T ar all. and after KI serum T, was even increased. although serum TSH levels
were at least transiently increased in both cases.

Althnueh in this studv serum thvroid hormone levels did not fall before the
.se in serum TSH. we still believe that these antithvroid drugs primarily de-
crease either serum Ty or T, or both. which. according to the classical feed-
pack theory, then leads to a rise in serum TSH. We want to point out that in
«he rats kept on a low iodide diet serum TSH was also increased before any
Jetectable change in serum T, or T, (Riesco et al. 1977). The fact that we were
ot able to observe in all cases significant falls in serum thyroid hormone levels
scfore the rise of serum TSH mav be due to the inabilitv of Ty and T, radio-
immunoassays to detect minute. but possibly physiologically significant. Ty and
T, chanees.

In eariier studies antithvroid drugs have been used in drinking water in con-
.entrations of 100-1000 mg | (Bakke & Lourence 1964: Wilber & Utiger 1967:
Liewendahl et al. 1972; Griessen & Lemarchand-Béraud 1973), and those treat-
ments have increased serum TSH levels in | day - 4 months. Our results show
‘hat thes: doses are unnecessarily high since significant changes in serum T,
T. and TSH were obtained at doses 10-200 times lower. The disappearance of
:ae initial serum TSH rise in response to PTU (Griessen & Lemarchand-Béraud
1973 or thyroidectomy (I"an Rees 1966) is said to be due to the exhaustion of
atuitary TSH reserves. We were able to confirm the transient rise in serum
TSH levels even with very low doses of PTU as well as with MMI. and to
wme cxtent with KI. On the other hand. KClO, seemed to be able to stimulate
TSH secretion continuously. Possibly the dose was relatively lower than that
“ PTU and MMI. and did not cause the depletion of pituitary TSH.
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ft was also demonstrated here that MM did not affect serum Ty level. whi
was clearly decreased bv PTU. This result was not unexpected because g
stantial amounts of serum T, are derived .from serum T, bv deiodinat
PTU - but not MMI - is known to block this reaction (Van Arsdel & \
1956: Hershman & Van Middlesworth 1962: Morreale de Escoba robq
del Rey 1967 We also found that our initial TSH burst was assc 1 A
the fall of either serum T, (PTU and KCIO,) or T, /MMI. It is difficuir ¢
say whether T, or T, is able to inhibit TSH secretion at the anterior pituitar
level because there are pituitary receptors for both hormones (Opsenh »,
et al. 1976 but. on the other hand. T, is rapidly deiodinated to Ty in the ag
terior pituitary - Sifva et al. 1978).

In this studv KI administration also led to the initial TSH burst. Later ¢
T, level began to rise and serum TSH level decline. So it appears that lo.. K
doses (about 4 mg day) inirially work antithvroidally but later, perhaps due v,
increased availability of iodide. T, synthesis is increased. There is no pre
information about the effects of small doses of iodide on serum TSH but .
doses have slightly increased serum TSH level at 4 months (Liewendahl et o
1972). ‘

The present results prompted us to set up a model in which stimulated F
secretion can be studied. PTU is given in drinking water (10 mg/l) for ¢ dav:
to increase serum TSH levels. The reproducibility of this TSH response is s 1
even better than that obtained with the cold-exposed animais (Twomisto ¢ o
1975: Mannisto et al. 1978). Our model appears to be useful because elevatec
TSH levels are further increased in response to cold or to administratio- o
TRH and rapidly decreased by thyroid hormones. Both the TRH-induced ac
cold-induced TSH responses are well comparable with those observed in the
norma! rats (Tuomisto et al. 1975: Ranta et al. 1977: Mdnnist el of )
1979). We have also shown that various drugs can modify the PTT" ~—rx
TSH secretion (Mdnnisto & Ranta 197R).

w
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RESULTS OF A FOURTEEN DAY ORAL-DOSING TOXICITY 8TUDY
OF AMMONIUM PERCHLORATE

D. J. Caidwell, J. H. KIng, Jr., E. R. Kinkead, R. €. Wolfe, L. Narayanan, and D. R. Mattie

Tri-Service Toxicology Consortium, Armstrong Laboratory (AL/QET)
Wright-Pastterson Alr Force Base, Dayton, OH 45433-7400

ABSTRACT

The use of ammonium perchlorate (AP), CAS regisUy number 7790-98-9, in the manufacture of solid
rocket motors has resulted in soil and water contaminstion. Remedistion levels proposed by the US
EPA are sxtremsly conservative becauss of an insufficient toxicily database (ECAQ, 1092). Since the
thyroid is the target organ end perchiorate inhibits loding uptakes by the thyroid, tms 14-day study
svaiuated the potential of AP to producs changes in levetls of triiodothyronine (T3), reverse T3 (fT3), T4,
thyroid stimulsting hormons (TSH), and thyrogiobulin (TQ) by providing specific dose-response
information for use in selecling doses for use in a8 90-day subchronic ftoxicity study.

INTROOUCTION

This siudy was conducied to evaiuate the potential of AP to produce alterations in thyroid function
and 10 estimate the threshold dose for AP caused effects on thyruid hormone levels in rats. Results of
this pilot study will enabie selection of appropriate doses for 8 subchronic study that will evaiuste the
polential of ammonium perchiorate (AP) to produce aterations in psternal fertiity, matemal pregnancy
and factation, growth and development of offspring of Sprague-Dawiey rats. The animals received the
test compound in drinking water as this route of treatment provides a more uniform dose than a single
bolus dose produced by gavage and simuistes the most probabdie route of human exposure in cases of
environmental contamination. Biood levels of Tg, Ty, Te. Ty, and TSH were determined.

MECHANISM OF TOXICITY

Many goitrogenic xenobiotics that increase the incidence of thyroid lumors in rodents exert a direct
sffect on the thyroid gland to disrupt one of several possibie steps in the blosynthesis and secretion of
thyroid hormones. Perchiorste is known 10 competitively inhibit one of these steps, the lodine lrapping
mechanism, which incomorstes free iodine iMo Ty and T, (Capen, 1982). Low Ty causes release of
thyroid stimulating hormone (TSH) from the anterior pitulary, which results in thyroid follicular call
stimulation and hyperplasia. This hyperplasis may cause an incresse In thyroid gland size (hypertrophy)
(ORD, 1988).

The primary objective of this range-finder study wes o detertnine toxicity information to estabiish
doses of AP for a 90-day subchronic taxicily study. Sprague Dawiey rats were axposed to varying
concentrations of AP In their drinking water for 8 two-week period. The rats were then sacrificed and
their thyroid hormone levels wers measured by a redioimmunoassay technique. An additional goal of
this work was to estimate a threshold dose based on changes from the coatrul thyroid hormone data.

Dats obtained from this study will be used o statistically estimnate the threshoki level for AP effects on
the thyroid, the target organ for toxicity. The threshoid level! will be considered 10 be the lowest
observed adverse effect level’ LOAEL). The next lowest dose wilt be the no observed adverse effect
level® (NOAEL) and will be used for delermination of the RfD for ammonium perchiorate using standard
USEPA methodology. The dose-responss data, reproductive and developmental toxicity information,
and effects of AP on other organs, coupled with the establishment of & threshold dose for thyroid
hormone effects witl remove much of the uncertainty surrounding the provisional RO and permit
caicuistion of 8 RfD that should be at least an order of magnitude higher. Doses for the 90-day
subchronic study will be based on resuits from this pilot study.

Approved for public release; distnbution is unlimited.
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RELEVANCE OF RESEARCH

We wish 10 emphasize the need for this research by describing the fack of loxicity information, and
specificaily the leck of dose-response data for AP. Furthermore, & is intended 1o famillarize the reader
with the mechanism by which thyroid hormone levels are inhibited by AP. Hormones are products of
living cells that circulste in body fluids and produce & specific effect an the activity of cells remote from
thelr point of origin. This inability of the thyroid gland to produce thyroid hormmones, If not comrected,
leads o excassive development of thyroid tissue cells (hypertrophy), an unusual incresse in the number
of tissue cells (hyperplasis) and the (ormation of abnormal masses of tissue Qumors) that possess no
physiologic function (neoplasia) in experimental animals as weil as in humans (Capen, 1992; Hill ot al.,
1980; Paynter ot ai., 1988).

The Thyroid Gland

This section explains the nature, formation, and secretion of the thyroid hormones and discusses the
mechanisms by which circulating levels of the hormones are regulated. Thyroxine (T4) and
triiodothyronine (T3) are classically regarded as the two hormones produced dy the thyroid gland. They
contain 4 and 3 atoms of lodine, respeciively, and are abbreviated as T4 and T3 according to their iodine
content. These hormones are synthesized in the thyroid gland by iodinating thyrogiobulln (Tg), an iodine
containing protein stored in the thyroid (Goodman and van Middlesworth, 1980). This process can be
divided into four steps. The first stage in the synthesis of thyroid hormones is the uptake of iodide from
the biood by the thyroid gland. The trapped iodide is then combined with oxygen (oxidized). Once i is
oxidized, iodine rapidly iodinates tyrosine residuss within the Tg molecule to form monolodotyrosine
(MIT) and diiodotyrosine (DIT) in a process is called iodide organification. Finally, either two OIT
molecules or one DIT and one MIT molecule combine to form T4 and T3 respectively, in the ratio of 5:1,
so that most of the hormone released Is T4.

Under normal conditions the thyroid may concentrate iodide up to 25 times higher than the blood
concentration. This ratio may be considerably higher (250:1) when the thyroid is active. lodide uptake
may be blocked by several anions, one of which is perchiorate (Goodman and van Middlesworth, 1980).

T4 is the major hormone secreted from the thyroid and is convernted to more aclive T3 in a variety of
pedpheral tissues, including the pituitary gland. T4 is also metabofized to T3 which is hormonally
inactive and has no know function, except perhaps as an inhibitor of the conversion of T4 to T3 (Hill et
al., 1989; Stevens, 1885, Goodman snd van Middiesworth, 1980).

Homeostatic control of thyroid hormone synthesis and secretion in the thyroid gland is effected by s
sensitive feedback mechanism that responds o changes in circulsting levels of the thyroid hormones T4
and T3. The mechanism involves the anterior pitultary of the brain (Hill ot al., 1989; Paynter et ol., 1688;
Houk, 1980). Thyroid-stimuiating hormone (T8H, or thyrotropin), which is secreted by the anterior
pituitary giand and Causes the thyroid to creste new thyroid hormones, is very important in the feeddack
mechanism. R independently promates iodide trapping and lodination of Tg. The cate of release of TSH
from the pituitary is controfied by the circulating levels of T4 snd T3.

i for any reason there is a decrease in circulating leveis of thyroid hormones, TSH is secreted and
thyroid function Is increased. If exogenous thyroid hormones is administered, eventuslly the thyroid gland .
becomes inactive and strophied. The biood concentrations of both T4 end T3 are important factors in
the retease of TSH (Capen, 1992; Hill &t al., 1989; Paynter et al., 1988; Goodman and van Middiesworth,
1980).

According to Goodman and van Middiesworth (1980), an exact description of the role of the thyroid
hormones is not yet possible. However, they discuss several studies which indicate that if the hormones
are not present in the earty stages of ife, mental maturation, bone deveiopment, and the central nervous
system ars negatively affected. in some instances, the lack of bone development can be comected by
administering T4. However, administration of even tremendous amound of T4 does nothing to comed
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mental retardation, suggesting thai the hormones must be present during critical periods In order for
normal development to occur.

Thyroid Gland Neoplasia

Hill ot 8! explains that thyroid neoplssia may be induced by exposure of axperimenta! animais o 8
variety of trestment regiments, chemicals produced outside the body (exogenous), or physical agents.
‘it has been recognized for some time that neoplasms induced In ©xperimental animals by a number of
these treaiments resuft from thyroid giand dysfunction, in particular, [eniargement of the thyroid gland
and increased metabolic rate] hypothyroidism.® Factors inducing hypothyroidtsm include iodine
deficiency, surgically removing part of the thyroid giand, and the transplantation of
pituitary tumors. “The one factor common {0 each of thess conditions is that they all lead to increased
production of TSH and prolonged stimulation of the thyroid gland by ‘excess” TSH. Whatever the cause
(1.e. low iodine diet. blocked iodide uptake by an anion), prolonged stimulation of the thyroid-pituitary
feedback mechanism that results in the release of eievated leveis of TSH by the pitutary may lead lo
thyroid giand neoplasia. However, thyroid hyperplasia and neoplasia in these cases can be blocked by
doses of exogenous thyroid hormone or by surgically removing the pituilary giand (hypophysectomy) (Hill
ot al., 1989).

A recent review of chemical injury of the thyroid (Capen, 1992) showed that rodents treated with
sgents that directly interfers with thyroid hormone production in the thyroid gland depress T3 and T4
levels resulling in a compensatory increase of TSH. This TSH stimulation of the thyroid gland leads to
hypertrophy, hyperplasia, and neoplasia in rodents. In addition, this excessive secretion of TSH alone,
without any chemical exposure, produces s high incidence of thyroid tumors in rodents. Capen
concluded that thresholds for agents which inhibit lodide uptake by the thyroid can be established by
determining the dose that fails to elicit an elevation in the circuiating level of TSH. Hence, the threshold
concentration of perchlorate, 8., the perchlorste concentration below which there Is no depression of T3
and T4 accompanied by TSH elevation, is compietely protective against carcinogenesis.

Muman Data.

Brabant ¢l al conducted & study in which § hesithy males weres expossd 16 an oral trestment of 300
mg of perchiorate 3 times daily over a 4-week period. Mean serum TSH levels decreased siightly snd
the thyroid volumes were unalered. The body weights of the volunieers were not provided. However,
using the standard 70 kg default body weight used for risk assessment resulls in 8 dose of 12.88

g/day. This would suggest that the threshold dose for thyroid hormone effects in healthy humans is

mg/k
higher than 12.88 mg/kg/day.

Burpi ot 8l (1974) sdministered 200 mg of perchiorate 3 times dady 10 three hesilhy femaies and two
healthy males for 8 days. The average dose for the females was 11.04 mg/kg/day and the aversge for
the males was 8.2 mg/kg/s>y. These doses were sufficient to compiletely block iodide uptake by the
thyroid as measured in the urine. However, thyroid hormone levels were not measured in order to
determine if (his dose produced a decresse in T3 and T4 or an increase in TSH levels.

A study that used potassium perchiorate (KP) to displace lodide from the Gryroid gland (Stanbury and
Wyngaarden, 1952) was used ss the basis for deriving the EPA's provisional RfD. Standbury and
Wyngsarden found that 0.14 mg/kg/day (assuming a body weight of 70 kg) was not sufficient to
compietely block iodide uptake. However, 1.4 mg/kg/day was sufficient (o block 80% of the messured
lodide. The study did not evaluate the effects of KP on thyroid hormone levels and only three doses
were given. Thesa three studies sre summarized in Tabile 1.



Study Exposure Conditions Conciusions
Brabant et al -12 88 mg/kg/day -TSH levels decreased siightly
Burgi ot al -11.04 mg/kg/day for ~Sufficient 10 completely block iodide uptake by the
four weeks (males) thyroid
-8.22 mg/kg/day for four
weeks (females)
Stanbury and 0.14 mg/kg (once) -55% of Initially accumuisted radloactive iodide was
Wyngaarden -1.4 mg/kg (once) present in the neck
-15% of Initially sccumulated radicactive iodide was
present in the neck

Table 1. Summary of human stu$ies using perchiorates.
Animal Data.

With regand (0 animal data, Shigan conducted a study in which ‘white rats’ were given AP under
various conditions (1963, transiated from Russian, 1994). The rats were treated with doses ranging from
2500 1o 6500 mg/kg snd observed for 1S days. Even though most of the snimais died during the first 3
days, Shigan was sbis to caiculate the dose of AP which killed fifty percent of the tolal experimental
population (.e., the LDy) (see Table 2). VWhite rats’ were aiso exposed 10 AP under two other conditions
described in Table 2. However, these results do not provide any insight in determining a threshold dose
because thers wers no doses given at low concentrations.

| Exposure Conditions Conclusions

4200 mg/kg (once) A Dy value

850 mg/kg/day for one month -No noliceable cumulative properties

190 mg/kg/day for three months  { -Affects the regulation of the involuniary nervous system

Causes a statistically refisble change in the protein fractions of the
blood serum

-Disrupts the kver's ability to produce glycogen for carbohydrate
storage

Table 2. Results of Shigan's Experiments on ‘white rets’

Mannisto et al (1979) studied the effects of Potassium Perchiorate (KP) on the thyroid of the Sprague-
Dawley rat. He found that doses of KP from 7.8 to 15.3 mg/kg/day administered over a8 4 day period
reduced serum T3 and T4 leveis and increased TSH levels.

These animal experiments do not provide enough information on which (o base an accurate RO
since dose-response data on thyroid hormone levels are lacking (e.g., Shigan) or the period of



administration was 100 short (e.g.. Mannisto). Since the EPA based their provisional perchiorats RfD on
the Stanbury snd Wyngaarden study and predicied that chvonic sdministration of parchiorats at the dose
used In that study wouid lIkety have resulted in lowering of the patients T3 and T4 levels, with
subsequent increases in the levels of TSH, this hypothesis was tested by designing 8 study in which
changes in thyroid hormone leveis in the Sprague-Dawiey rat would be meassured in response to
increasing dasas of AP (Caldwell and Mattie, 1895). A 14-day pilot study provided specific dose-
response deta over & wide range of doses, from which a threshold level for thyroid hormone effects of
AP couid be estimated (Caldwell ot al, 1895). Since increased levets of TSH are ¢ sign that the thyroid
has been disturbed, if a dose of perchiorste tan be found from which thers is no observed statisticalty
significant incresse in the amount of TSH in the blood, this dose can be considered at or below the
threshold dose (Capen, 1902). Subsequently, this dose can be used in deriving a RD.

PILOT STUDY

Groups of six male and six female Sprague-Dawiey rats were dosed with AP in drinking water st
concentrations of 0 (control), 1.25, 5.0, 12.5, 25, 50, 12S, or 250 mg/. Animals were sacrificed after
fourteen days and thyraid hormone levels were measured using a radioknmune assay technique. The
actual dose of AP administered to each animal was caicuiated by mulliplying the concentration of AP
administered In the drinking water by each snimal's average water consumption over the 14-day period
and dividing this number by each animal's average body weight over the 14-day period. Selected thyroid
hormone data are presented in Table 3.

RESULTS

General

AP did not have a statistically significant effect on the average water consumption of either sex at the
concentrations administered. Nor did AP have a statistically significant effect on the body weight gain of
either sex; both sexes gained weight in the same manner over the two-week peniod.

Thyroid hormone levels

AP had a statistically significant affect on the thyroid hormone levels in both sexes. The T3 and T4
leveis decreased while TSH, T3, and Tg incresssd with increasing doses of AP in both males and
femaies; however, the sexes were not affected to the same extent.

Dose (mg/xgd) | T3-Male T3-Female TeMale TeFemals | TSH-Male | TSH-Female
(male female)

0 (controf) 133 129 X 50 14.5 1.3
0.11,0.12_ 124 1] 4.8 4.4 15.0 13.1
" 0.44, 0.47 108 M 4.7 K] 16.9 14.6
C 1,13 90 8 a3 4.0 202 15.4
2.26.3.08 18 0 42 39 302 174
4.32, 4.91 71 72 4.1 3.7 312 192
11.44,11.47 & 89 3.4 33 34.0 2.7

™~ 22.16, 24 88 86 ) 3.0 29 374 %9 |

Table 3. Effects on Thyroid Hormone Levels.
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CONCLUSIONS

The data derived from the two-week study show & decreass of T3 and T4 with a concomitant rtse in
TSH with increasing doses of AP. The NOAEL was 0.44 mg/kg/d and LOAEL was 1.11 mg/Ag/d for the
male rats and 0.12 and 0.47 mg/kg/d, respactively, for female rats. This is consistent with the Rerature
which shows s higher level of circulsting TSH In msie rats compared to females (Jubd et ol, 1993).

Long-term perturbations of the pltultary-thyroid axis are more fikely to predispose laboratory snimats
to a higher incidence of proiiferative lesions then is the case in the human thyroid. This appears to be
particularty true in the maie rat in which thers usually are higher clrculsting levels of TSH than in
females. The grester sensitivity of the animal thyroid 10 derangement Dy chemicals and physiologic

also is reisted to the shorter pissma half-ife of T4 (12-24 hours) than in humans (5-9 days),
due, in part, to the consideradle differences between species in the transport proteins for T4. in humans,
dirculating T4 Is bound primarily o thyroxine-binding globulin (TBG), but this high-affinity binding protein
ts not present in rodents. T3 is transported bound to TBG and albumin in humans, but only to slbumin in
rats. In general T3 is bound less avidly to ransport proteins than is T4, resufting in a faster tumover and
shorter plasma half-life in most species (Jubb et ol, 1993).

Although the data established the NOAEL for thyroid hormone effects, mors resesrch is needed in
order to determine 8 precisely defined threshoid dosa for such sffects, and 1o evaiuate the dose-
response relationship for other potentisl foxdc effects of AP, such as changss in the production of red
biood ceils (1.e.. hematopoiesis). A planned 90-day study will use doses selected 10 better estimate the
threshoid dose snd o refine the NOAEL for thyroid hormone effects and other toxdcity endpoints. The
additional deta obtained from this subchronic study will support the use of a less conservative uncenainty
factor since dets gaps on reproductive and developmental toxiclty will be filled, the threshoid for effects
on thyroid hormone homeostatis will be determined, and investigstion of hematopoietic sffects will be
performed. Therefors, a RfD between 1E-3 mg/kg/day and 1E-2 mg/kg/day appears 10 be ressonably
obtainable.
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Introduction

III. Methodology

This section describes the process by which this research was conducted. The

design will be explained, followed by a description of the execution and the analysis

techniques. It concludes with a summary of the chapter.

Design

The 14-day pilot study included 96 rats, 48 male and 48 female. They were

divided into eight dose groups, including a control (Table 3-1). The male rats were

estimated to consume water at the rate of 45 ml/day/rat and have an estimated body

weight of 450 grams. The female rats were estimated to consume water at the rate of 27

ml/day/rat and have an estimated body weight of 270 grams. The target doses are

specified in Table 2. These target doses were designed around an estimated threshold

dose of 10 mg/kg/day based on the available literature (Caldwell, 95).

No. of Animals APConc. | AP Target Dose
Group Males Females (mg/L) (mg/kg/day)

Control 6 6 0.00 0.0

Very Low 6 6 1.25 0.125
Low 6 6 5.00 0.5
Med. Low 6 6 12.50 1.25
Medium 6 6 25.00 2.5
Med. High 6 6 50.00 5.0
High 6 6 125.00 12.5
Very High 6 6 250.00 25.0

Table 3-1. Pilot Study Dose Groups, Concentrations and Target Doses
Source: Caldwell (1995).
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Execution

The study began with 100 rats, SO male and SO female. These rats were single
housed throughout the study. The quarantine period lasted for 14 days. During the last 7
days of quarantine, the water consumption rates and body weights were measured as
baseline data. On the last day of the quarantine the rats were randomly assigned, using
the PATH/TOX (XMSC, 1993) randomization algorithm, to 8 groups, each containing 6
males and 6 females.

The dosing solutions were prepared in eight 20 liter containers on day 14 of the
quarantine and samples were taken to verify accurate concentrations and stability. The
dosing period began the day following the quarantine period. The animals were dosed for
14 days according to table 3-1. The animals were weighed on days 8 and 14 of the
quarantine and days 7 and 15 or 16 of the study. Water consumption was measured on
day 12 of the quarantine and days 1, 4, 7, 10 and 14 of the study and averaged over the
respective periods. This data was used to determine if the dosing solutions affected water
consumption or body weight, and calculate the actual dose consumed by the animals.

Following the dosing period, the rats were euthanised via CO, inhalation on day
15 or 16. Blood was immediately drawn from the vena cava at necropsy and centrifuged.
The serum was stored at -20° C until analyzed for the hormone levels listed above using

commercially available radioimmunoassay kits.
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Statistical Analysis

The results were analyzed using two-factor Analysis of Variance (ANQOVA)
(Statistix 4.1), Multivanate Analysis of Variance (MANOVA) (SAS), Tukey's method
for multiple comparisons (Statistix 4.1), and Maximum Likelihood Estimation (MLE)
(SAS). Two-factor ANOVA was used to determine if there were statistically signiﬁc‘ant
differences between dose groups and the male and female rats. Two-factor MANOVA
was used to determine if there were statistically significant differences between dose
groups and the male and female rats. If the males and females responded similarly to the
dosing, Tukey's method for multiple comparisons was used to determine which dose
groups differed.

Capen (1992) concluded that if a dose can be found for which there is no decrease
in T3 or T4 accompanied by an increase in TSH, that dose can be considered the
threshold. Therefore, the sigmoid function was used to fit the data poiats for T3 and
TSH. The sigmoid function was not used to fit the T4 data because there was no dose
response relationship. Maximum Likelihood Estimation (MLE) was then used to
determine the parameter point estimates for the sigmoid function. Once the parameter
estimates were determined, the function was evaluated using the F-test for lack of fit
(LOF). If the functions passed the LOF test, this would mean that they accurately
characterized the relationship between dose and hormone levels. These functions, which
serve as conservative estimations of the dose-response relationship, could subsequently
be used to extrapolate the dose level which corresponds to two standard deviations above

the mean hormone level for the control group.

3-3
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Two-Factor ANOVA (Devore, 1991):

The two-factor ANOVA was used to determine whether there were statistically
significant differences between dose/sex group means. This is done by first determining
the grand mean (the mean of all dose/sex groups) and then comparing each data value to
the grand mean. The differences between each data value and the grand mean are then
squared and summed to determine the sum of squares for the total samples (SST). Next,
the mean for each dose group is determined and compared against the grand mean. The
differences are squared and summed to determine the sums of squares for dose group
(factor A, SSA). SSB (factor B), or the sums of squares for the sex factor, is determined
by holding the dose factor constant and determining the mean across sex for each sex and
comparing them to the grand mean. SSAB (interaction sum of squares) is determined by
computing the mean for each dose/sex group and subtracting the means of the dose
groups and sexes and adding the grand mean. SSE (error sum of squares) is determined
by each data value to the dose/sex mean. Each sums of squares is then divided by its
degrees of freedom to obtain the mean square for each factor (e.g. MSA, MSB, MSAB).
These mean square values are divided by the mean square error (MSE) to determine the f-
ratio (f has a certain distribution when the aull hypothesis is true). If the computed f-
value is greater than the value chosen for alpha (the level at which any percentage above
is grounds to reject the null hypothesis and subject to type-I error or the error of rejecting
the null when it is true), then the data cannot be considered to be from the distribution
and the null hypothesis is rejected. The statistical analysis package Statistix 4.1 was used

to perform the two-factor ANOVA. The research problems were as follows:

34



T

- 2

Cd) e b b bd e bd L Ll L bd e e e Ld L

Problem 1 (Average Water Consumption)

(1) Does the dose of AP affect average water consumption?

(2) Does the sex of the rat affect average water consumption?

(3) Is there any interaction between the dose of AP and the sex of the rat?
Problem 2 (Body Weight Gain)

(1) Does the dose of AP affect average body weight gain?

(2) Does the sex of the rat affect average body weight gain?

(3) Is there any interaction between the dosc‘of AP and the sex of the rat?
Problem 3 (Thyroid/Body Weight Ratio)

(1) Does the dose of AP affect thyroid/body weight ratio?

(2) Does the sex of the rat affect thyroid/body weight ratio?

(3) Is there any interaction between the dose of AP and the sex of the rat?
Research Null Hypotheses:
Hvpothesis | (Average Water Consumgption)

(1) The dose of AP does not affect average water consumption.

(2) The sex of the rat does not affect average water consumptioa.

(3) There is no interaction between the dose of AP and the sex of the rat.
Hypothesis 2 (Body Weight Gain)

(1) The dose of AP does not affect body weight gain.

(2) The sex of the rat does not affect body weight gain.

(3) There is no interaction between the dose of AP and the sex of the rat.

3-5
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Hypothesis 3 (Thyroid/Body Weight Ratio)
(1) The dose of AP does not affect thyroid/body weight ratio.
(2) The sex of the rat does not affect thyroid/body weight ratio.
(3) There is no interaction between the dose of AP and the sex of the rat.
An answer which contradicted any one of the previous hypotheses resulted in rejecting

the respective null hypothesis in favor of the alternate hypothesis which states that there is

an affect.

Two-Factor MANOVA (Barcikowski, 1983; Hair et al., 1979):

Two-factor MANOVA is similar to ANOVA, except there are several dependent
variables (e.g. T3, T4, TSH, rT3 and Tg) instead of one dependeant variable (e.g. average
water consumption or body weight gain). While ANOVA and MANOVA both test for
differences among groups using sums-of-squares, MANOV A finds them using the
covariance structure of the dependent variables. The F-ratio tests for equality among dose
groups based on their vector means. The statistical analysis package SAS was used to
perform the MANOVA. The research problem was as follows:

Problem
(1) Does the dose of AP affect Tg, T3, rT3, T4, and TSH thyroid hormone levels?

(2) Does the sex of the rat affect Tg, T3, rT3, T4, and TSH thyroid hormone levels?
(3) Is there any interaction between the dose of AP and the sex of the rat?
Research Null Hypotheses

(1) The dose of AP has no affect on Tg, T3, rT3, T4, and TSH thyroid hormone levels.

3.6



(2, The sex of the rat has no affect Tg, T3, rT3, T4, and TSH thyroid hormone levels.
(31 There is no interaction between the dose of AP and the sex of the rat.
An answer which contradicted any of the three previous null hypotheses resulted in

rejecting the respective null hypothesis.

Maximum Likelihood Estimation

Maximum likelihood estimation (MLE) was used to obtain point estimates of the
parameters of the sigmoid function. The sigmoid function was used because it
approaches a threshold affect at low doses (Fig. 3-1). The sigmoid function is as follows:

BO Dose”'
e
2

Where BO is the highest observed response value (highest observed hormone level) and

HormLeve( Dose ,.BO,B1) =

B1 is an exponent parameter which controls the function shape.

LY T T T T T

T //j‘
Hormlevei(1,44.4)
- /

or / .

’/
0 4 1 1 1 1
0 10 ) 2 © 0

i
Figure 3-1. The Sigmoid function.

The MLE method assumes that all the hormone levels are normally distributed, have

equal variances and are independent. The likelihood function:
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where the expected value of the sigmoid function, E(f(x;,B0,B1)) = p; (the population
mean) and the expected value of the difference between each observed value of hormone
level (y;) and the J squared, E(y; - j)* = >. The expected value of the sigmoid function
is substituted in the likelihood function for p and E(y; - W) for a>. Subsequeatly, the
values of BO and B1 that maximize the likelihood function are the maximum likelihood
estimators.

Once the maximum likelihood estimators are determined, the sigmoid function
can be tested to see how well it characterizes the data with an F-test for lack of fit (LOF).
Once the function passes the LOF test, it can be used to extrapolate the dose level which
corresponds to two standard deviations above the mean hormone level for the control

group.

F Test for Lack of Fit

The F test for lack of fit assumes that the observations Y (e.g. hormone levels) for
given X (e.g. dose) are independent and normally distributed, and the distributions of Y
have the same variance. The test is accomplished by first determining the pure error sum
of squares (SSPE) and the residual sum of squares (SSRes) which are computed in the
ANOVA table. The difference between these two error sums of squares is called the lack
of fit sum of squares (SSLF). After dividing the SSPE and SSLF by their appropriate |

degrees of freedom, the F statistic can then be expressed as follows:
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The research problem for each data set was as follows:
Problem
Does the function accurately characterize the data?
Research Null Hypothesis
The function accurately characterizes the data.
If the value for the computed F is less than or equal to the critical value for the level of

significance (a=.05), then the null hypothesis holds.

Tukey’s Method for Multiple Comparisons

When the no-interaction hypothesis was not rejected and at least one of the two main
effect null hypotheses was rejected, Tukey's method was used to identify significant
differences between dose groups. For identifying differences among the means when the
null hypothesis was rejected,

1. Obtain the value of the upper-tail a from the studentized t-distribution, above which
the null is rejected (Q).

2. Compute w = Q * (MSE/(JK))'?, where MSE is the mean squared error obtained from
the ANOVA table and JK is the number of observations averaged to obtain each of the
sample means compared in step 3.

3. Order the sample means from smallest to largest and underscore all pairs that differ by

less than w. Pairs not underscored correspond to significantly different levels for the

factor under consideration.
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Summary

To determine whether there was a dose-response relationship for body weight
gain, average water consumption and thyroid/body weight ratio, two-factor ANOVA was
used. If no interaction was observed, Tukey's method for multiple comparisons was used
to determine which groups differed by dose. Two-factor MANOVA was used to
determine statistically significant differences between dose groups with five dependent
variables. MLE was then used to find the point estimates for the parameters of the
sigmoid curve which was used to fit the data. Once the parameters which maximized the
likelihood function were determined, the F-test for lack of fit was used to determine if the

functions accurately characterized the data sets. The results are presented in Chapter 4.
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[V. Data Description and Analvsis
Introduction

This chapter presents and analyzes the raw data obtained from this study. Two-
factor ANOVA was used to determine statistically significant differences between dose
groups based on weight gain, water consumption, thyroid/body weight ratio. Two-factor
MANQVA was used to determine significant differences between dose groups and sex
based on thyroid hormone levels. When a null hypothesis was not rejected the analysis
was terminated. However.-wbcn the no-interaction hypothesis was not rejected and at
least one of the two main effect null hypotheses was rejected, Tukey's method was used
to identify which levels differed from the control. Maximum Likelihood Estimation
(MLE) was then used to determine the point estimates for the parameters of the sigmoid
function used to fit the data. The F-test for lack-of-fit was then used to determine if the
function accurately characterized the data.

The data was analyzed in this order. First, the water consumption data was
analyzed to determine whether there was any statistically significant difference between
dose groups and what the actual doses were. Next, body weight gain and thyroid/body
weight ratio was analyzed to determine whether there was a difference between dose
groups. The effect of dose, if any, on thyroid hormone levels was then evaluated. If an
affect was noted, maximum likelihood estimation was used to maximize the parameters
for the sigmoid function. The function was then used to extrapolate the dose leve!l which
corresponds to two standard deviations above the mean hormone level for the control

group.



Water Consumption and Dose
The average water consumed by dose group is shown in figures 4-1 and 4-2.

Two-factor ANOVA revealed that there were no statistically significant differences

A2 N A4
SOLRCE OF SS MS F P
GROUP (A) 7 280870 40.1243 1.07 03900
SEX (B) ] 442351 442351 11807 0.0000
A‘B 7 195063 278662 074 06172
RESIDUAL 80 2997.26 374658

TOTAL 95 7896.71

TUKEY (HSD) PAIRWISE COMPARISONS OF MEANS OF AVQONSMP BY
CROUP
DOSE HOMOGENEOUS
GROUP MEAN GROUPS
S 37612 1
4 33929 |
8 33883 |
2 Nen 1
? Bsn 1
6 33337 1
3 32667 1
1 31097 |1
THERE ARE NO SIGNIFICANT PAIRWISE DIFFERENCES AMONG THE
MEANS.
CRITICAL Q VALUE 4401 REJECTION LEVEL 00350

CRITICAL YALUE FOR COMPARISON  7.7762
STANDARD ERROR FOR COMPARISON  2.4989
ERROR TERM USED: RESIDUAL. 80 DF

Table 4-1. Results of Two-factor ANOVA for average water consumption.
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Average Water Consumption (Male)

37 4 -
31 A 2
| | 1
21 | |
S L
ol
23D 4 I { - |
7 -
48 casas
Figure 4-1. Boxplots of male rat average water consumption by dose group.
Average Water Consumption (Female)
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Figure 4-2. Bozxplots of female rat average water consumption by dose group.
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between the groups with regard to dose, indicating that the concentration of AP in the
water was not sufficient to decrease the consumption rate. However there were
differences with regard to sex (Table 4-1). The P value for sex was much less than .05
indicating that the male consumption rate is different from that of the female. The

average water consumption was used to determine the actual dose administered

(Table 4-2).
No. of Animals | AP Conc. | AP Target Dosc | AP Dose (mg/kg/day)
Group Males Females | (mg/L) (mg/kg/day) Males Females
Control 6 6 0.00 0.0 0.0 0.0
Very Low 6 6 1.2§5 0.125 0.110 0.124
Low 6 6 5.00 0.5 0.443 0.466
Med. Low 6 6 12.50 1.25 1.112 1.232
Medium 6 6 25.00 2.5 2.263 3.063
Med. High X 6 50.00 5.0 4.321 4912
High 6 6 125.00 12.5 11.443 11.469
Very High 6 6 250.00 25.0 22.157 24.863
TABLE 4-2. Ammonium perchlarate dose by group.
Body Weight Gain

The body weight gained per dose group is shown in figures 4-3 and 4-4. The two-
factor ANOV A indicated that there were no statistically significant differences betweea

dose groups, indicating that the concentrations of AP did not affect appetite. However

there were differences with regard to sex. The P value of .0001 for sex was much less
than a=.05. The male rats gained more weight than the femnale rats. No interaction
between dose and sex was observed indicating that both sexes responded in the same way

to the dosing.
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Body Weight Cain in Male Rats (2 weels)
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Figure 4-3. Boxplots of male rat body weight gained by dose group.
Body Weight Gain in Fern Rats (2 weeks)
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Figure 4-4. Boxplots of female rat body weight gained by dose group.
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ANALYSIS OF VARIANCE TABLE FOR WTCAIN

SOLRCE DF SS§ MS F P
SEX (A) ! 1.463E+05 |.463E«05 12985 0.0000
GROUP (B) 7 151ST2 116532 0.19 09851
A°B 7 147696 210995 0.19  0.9861
RESIDUAL 80 901479  11268S
TOTAL 95 139SE+05

DOSE HOMOQGENEOUS

GROUP MEAN GROUPS

4 66033 |

l 65608 1

b 6.192 1

é 63000 I

2 585715 1

7 56883 1

3 36575 1

3 $5583 1

THERE ARE NO SIGNIFICANT PAIRWISE DIFFERENCES AMONG THE
MEANS.

CRITICAL Q VALUE 4401 REJECTION LEVEL 0.050
CRITICAL VALUE FOR COMPARISON 42646

STANDARD ERROR FOR COMPARISON  13.704

ERROR TERM USED: RESIDUAL, 80 DF

Table 4-3. Results of Two-factor ANOVA for body weight gain.

Thyroid/Body Weight Ratio

Thyroid/body weight ratio data are shown in figures 4-5 and 4-6. Two-factor
ANOVA indicated that there were differences among the means with respect to dose and
sex. No interaction was observed indicating that males and females reacted similarly to
the dosing (Table 4-4). Tukey's test for multiple comparisons revealed that the ratio for
dose groups.7 and 8 increased and were statistically si@ﬁcmdy different from the

control group (Table 4-4).
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Thyroid /Body Weight Ratio (Male)
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Figure 4-5. Boxplots of male thyroid/body weight ratios by dose group.
Thyroid/Body Weight Ratio (Fernale)
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Figure 4-6. Boxplots of female thyroid/body weight ratios by dose group.
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ANALYSIS OF VARIANCE TABLE FOR RATIO

SOURCE DF §§ MS F P

GROUP (A) 7 9.128E07 1.304EQ7 576 0.0000
SEX (B) | J4ZSEQ7 JALSEL?  15.14 0.0002
A°8 7 2B41EQ7 4059E08 1.79 0.0992

RESIDUAL 80 1810E06 2.262E08

TOTAL 95 3.349E-06

TUKEY (HSD) PAIRWISE COMPARISONS OF MEANS QF RATIO BY GROUP
DOSE HOMOGENEOUS
GROUP MEAN GROUPS

S4TEO4 |

7.64E04 1|1
736E04 111
11
6 4E04 .11
SSTEO4 .11
SOTEO4 .1
S.66E04 ... 1

L B S N - R N
%

THERE ARE 3 GROUPS IN WHICH THE MEANS ARE

NOT SIGNTFICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALUE 4401 REJECTION LEVEL 0.050
CRITICAL VALUE FOR COMPARISON 1.911E-04

STANDARD ERROR FOR COMPARISON 6.140E-05

ERROR TERM USED: RESIDUAL. 80 DF

Table 4-4. Results of two-factor ANOVA for thyroid/body weight ratio.
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Thyroid Hormone Levels
Two-factor MANOVA was used to determine relationships between thyroid

hormone levels. The results of the MANQVA are condensed in table 4-6.

Thyroid P-Value P-Value P-Value
Hormone (Dose) (Sex) (Dose*Sex)
Tg .0001 2321 0001
[ T3 0001 6923 4104
T3 0001 0001 0001
TSH .0001 .0001 .0001
T4 .0006 .0001 2909

Table 4-5. Results of two-factor MANOVA.
The results show that the null hypothesis for dose is rejected for every hormoane indicating
that dose does have a statistically significant impact oa their levels. The sexes within
dose groups were statistically significantly differeat in T3, TSH, and T4. In addition, the
aull hypotheses for interaction for Tg, T3 and TSH were rejected, indicating that the
sexes were not similarly affected by the dosing. Therefore, MANOVA was used to
evaluate the sexes separately.
Males

The correlation matrix for males was as follows (Fig. 4-7) (SAS output):

Correlation Analysis/Pearson Correlation Coefficients

HTG 3 n TSH T4
HTG  1.00000

ao
RT3 052150  1.00000

0.0001 0.0

ke OT7049 076134 1.00000
0.0001 0.0001 00

TSH 0453526 080132 -0534%  1.00000
0.000t 0.0001 0.0001 00

T4 04595 035538 Q21192 034419  1.00000
0.0010 00132 'R0 v 0.0164 00

Figure 4¢-7. Correlation matnix for male rats.

4-9




ol et e’ e e

‘—’ l-—l l—. .—-. .—l ‘J .d(

The cormrelation matrix showed a strong negative relationship between T3 and TSH. This

supports the literature findings.

Females

The correlation matrix for females was as follows (SAS output):

Correlation Analysis/Pearson Correlation Coefficients

HTG 3 p) n TSH T4
HTG  1.00000
0.0
L3y 066152  1.00000
0.0001 0.0
n 0.74760 062200 1.00000
0.000t 0.0001 0.0
TSH 095962 065659 0.67413 1.00000
0.0001 0.0001 0.000t Q0
T4 000165 0.14767 020017 002562  1.00000
0.9911 03165 0.1728 ol a0

Figure 4-8. Correlation matrix for female rats.
The correlation matrix for females showed a strong negative relationship between T3 and
TSH. This also supports the literature findings.

The MANOVA revealed that there was a statistically significant relationship
between dose and hormone levels and that the sexes were affected differently. Based on
this information sigmoid functions were used to fit the data as closely as possible. These
models were then tested for lack of fit.

All the thyroid hormone levels were affected by dose (Table 4-5). Capen (1992)

stated that the lowest dose which lowers T3 and/or T4 and simultaneously increases TSH

could be considered the threshold dose. Therefore, although all the bormone levels are
discussed in the next few sections, only those functions used to fit the data for T3 and
TSH will be discussed. T4 showed a statistically significant affect from dose, but there

was no dose-response relationship.
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Thyroglobulin (Tg)
Tg increased consistently with dose (Figs. 4-9 and 4-10). Since jodized Tgis
needed to make MIT and DIT, which combine to form T3 and T4, the negative feedback

mechanism could have triggered a fesponse to produce more Tg based on declining T3

levels.
bhTg Male Rats
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Figure 4-9. Boxplots of male Tg levels by dose group.
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Figure 4-10. Boxplots of female Tg levels by dose group.
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Reverse Triiodothyronine (rT3J)
T3 also increased consistently with dose (Figs. 4-11 and 4-12). Since (T3 is
formed from T4 in the peripheral tissues and has no known function, except to prevent

the formation of T3. An increase in rT3 could have coatributed to the depletion of T3.

e

-

[ _l ’ _l ]
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13 Male Rale
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Figure 4-11. Boxplots of male rT3 levels by dose group.
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Figure 4-12. Boxplots of female rT3 levels by dose group.
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Figure 4-14. Boxplots of female T4 levels by dose
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Triiodothyronine (TJ)

T3 decreased with dose (Figs. 415 and 4-16). The mean value for T3 in the
control group for females was 128.51 ngm/ml with a standard deviation of 8.99. The
mean value for T3 in the coatrol group for males was 132.87 ngm/ml for fernales with a

standard deviation of 11.71.

T3 Female Rats
i 1
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Figure 4-15. Boxplots of female T3 levels by dose group.
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Figure 4-16. Boxplots of male T3 levels by dose group.
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Females

The MLE sigmoid function for female T3 levels was as follows:

132.05Dose '*

S

1

The relationship of the function to the data is displayed in figure 4-17.

T3Femalg Dose )®118.364-

1 T T T T
Two Standard Deviations Below Control Mean
'm.., ........................... ‘
-
TIRa 208119 . i _
I £ 0 Sigmoid Function
oo {
- 1 1 1 s 1
] 0 100 190 x0 30
FTY o0

Figure 4-17. T3 dose-response data for females with fitted sigmoid function.

The lack of fit test for the female T3 sigmoid function was as follows:

DF | sS MS Forrocn Faviv
SS Pure Error 40 |1369.845284 | 342461321 |3.709 2.4
SS Lack of Fit 6 |162.156736 |127.026

SS Error 46 | 2132.00202

Table 4-6. Table for T3 sigmoid function lack of fit test (females)
The value for Faigey Was computed by dividing the Mean Square Lack of Fit by the MS
Pure Error. Since 3.709 > 2.34, the null hypothesis was rejected in favor of the alternate.
Therefore, the function did not accurately characterize the data and could not be used to

obtain 2 95% confidence interval.
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Males

The MLE sigmoid function for male T3 levels was as follows:

136.68 Dose ***

[D‘mm' (136.68\ ”’J
2 |

T3Male( Dose }®141.536-

The relationship of the function to the data is displayed in figures 4-18.
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Two Standard Deviations Below Control Mean
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Figure 4-18. T3 dose-response data for males with fitted sigmoid functioa.

The lack of fit test for the male T3 sigmoid function was as follbws:

DF | SS MS Ferivca Faviv
SS Pure Error a0 | 2529.145352 | 63.2286 5.96 2.4
SS Lack of Fit 6 |2262.14176 |377.0236
$S Error 46 | 479128711

[ - | W —) [ W I—J(

Table 4-7. Table for T3 sigmoid function lack of fit test (males)

The value for Fiscn Was computed by dividing the Mean Square Lack of Fit by the MS
Pure Error. Since 5.96 > 2.34, the null hypothesis was rejected in favor of the alternate.,
As with the females, the function did not accurately characterize the data and could not be

used to calculate an upper 95% confidence interval.

i-16




e e d b bed b ) e el L L ] L nd end e nd el

Thyroid Stimulating Hormone (TSH)

A very clear relationship between dose and TSH levels was observed (Figs. 4-19
and 4-20). The mean value for TSH in the control group for females was 11.251 ngm/mli
with a standard deviation of .4780. The mean value for TSH in the control group for
males was 14.472 ngm/ml with a standard deviation of 1.1547.

TSH Malse Rats

1

P4 S

® 4

Figure 4-20. Boxplots of female TSH levels by dose group.
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Females

The MLE sigmoidal function for female TSH is as follows:

1028
TSHFemalq Dose) = 11.248+ 238500t —
[Do“ 0 (u.ess) }
2
The relationship of the function to the data is displayed in figure 4-21.
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Figure 4-21. TSH dose-response data for females with fitted sigmoid function.

The lack of fit test for the female TSH sigmoid functioa was as follows:

DF |sS MS P F

SS Pure Error 40 | 60.9892939 | 1.5247 54.72 2.34

SS Lack of Fit 6 |500.556979 |83.4261632
SS Error 46 | 561.5462732

Table 4-8. Table for TSH sigmoid function lack of it est (feaales)

The value for Fiscu Was computed by dividing the Mean Square Lack of Fit by the MS
Pure Error. Since 54.72 > 2.34, the null hypothesis was rejected in favor of the alternate.

Once again, the function did not accurately characterize the data. This time it was

soundly rejected.
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Males

The sigmoidal function for male TSH is as follows:
20.25% Dose 4"’
[Do“un . (202.57)"‘"]
2

The relationship of the function to the data is displayed in figure 4-22.
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Figure ¢-22. TSH dose-response data for males with fited sigmoid fuactioa.

The lack of fit test for the male TSH sigmoid function was as follows:

DF | SS MS Fericeal Foviva
SS Pure Error 40 |218.8194058 | 11911 10.0262 2.34
SS Lack of Fit 6 |329.0904]18 | 54.843403
SS Error 46 | 547.9098236

Table 4-9. Table for TSH sigmoid function lack of fit test (males)

The value for Ferigea Was computed by dividing the Mean Square Lack of Fit by the MS
Pure Error. Since 10.02 > 2.34, the null hypotbesis was rejected in favor of the alternate.
Therefore, the function did not accurately characterize the data.

An upper 95% confidence interval for the sigmoid function could not be

determined because the functions were not able to accurately characterize the data.
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Therefore, a threshold value could not be determined with the data from this study.
However, Tukey's method for multiple comparisons was performed in order to determine
the NOAEL values for T3 and TSH. The results are as follows:
T3

Tukey's test for multiple comparisons for female T3 hormone levels revealed that

group one was statistically  significantly different from the other dose groups (Table 4-10).

STATISTIX 4.1 HORMFEM
TUKEY (HSD) PAIRWISE COMPARISONS OF MEANS OF T3 BY DOSE
HOMOGENEOUS
DOSE MEAN GROUPS
0 12851 1
1 M“e0 .1
b Moe 1
12 06% .1
b2 ) 30 It
0 Nnso il
125 68543 .__11
0 6401 1

THERE ARE S GROUPS IN WHICH THE MEANS ARE
NOT SIGNIFICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALUE 43520 REJECTION LEVEL 00%Q
CRITICAL VALUE FOR COMPARISON 10.799
STANDARD ERROR FOR COMPARISON 33787

Table 4-10. Tukey's test for multiple comparisons for female T3 levels.

Therefore, the NOAEL in this experiment for T3 in female rats is the control.

-~
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Tukey's test for multiple comparisons for male T3 levels revealed that groups one and

two were statistically the same (Table 4-11).

STATISTIX 4.1 HORMMALE
TUKEY (HSD) PAIRWISE COMPARISONS OF MEANS OF T3 BY DOSE

HOMOGENEOUS
DOSE MEAN GROUPS

0 g 1

1 124@ 1

S 10867 .1

2 9049 1

2 75417 .1

0 060 -1
125 66465 _..1
%0 6936 .1

THERE ARE 4 GROUPS IN WHICH THE MEANS ARE
NOT SIGNTFICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALLE 4520 REJECTION LEVEL 0030
CRITICAL VALUE FOR COMPARISON 14674
STANDARD ERROR FOR COMPARISON 45909

Table 4-11. Tukey's test for multiple comparisoas for male T3 levels.

The NOAEL in this experiment for T3 in male rats was .11 mg/kg/day.
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TSH
Tukey's test for multiple comparisons for female rats revealed that groups one and two

were statistically the same (Table 4-12).

STATUSTIX 4.1 HORMFEM

TUKEY (HSD) PARRWISE COMPARISONS OF MEANS OF TSH BY DOSE

HOMOGENEOUS
DOSE MEAN GROUPS
30 9 1
123 22908 .1

) 19234 _ 1
b} 17388 11
1 15358 __ 1t

b 148584 1l
t 13os1 11
0 tnast .1t

THERE ARE 7 GROUPS IN WHICH THE MEANS ARE
NOT SIGNTFICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALLE 4520  REECTION LEVEL 0.050
CRITICAL YALUE FOR COMPARISON o
STANDARD ERROR FOR COMPARISON  0.7129

Table 412 Tukey's test for multiple comparisons for female TSH levels

4-22
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Tukey's test for multiple comparisons for male rats revealed that dose groups one, two

and three were statistically the same (Table 4-13).

STATISTIX 4.1 HORMMALE

TUKEY (HSD) PAIRWISE COMPARISONS OF MEANS OF TSH 8Y DOSE

HOMOGENEOUS
DOSE MEAN GROUPS

250 Y44 )

125 33%0 11

b ) el 1

= 6 .1

12 x02s0 !

b 16919 11

] 1502 |

0 l4e2 __.1

THERE ARE 4 GROUPS IN WHICH THE MEANS ARE
NOT SICNTRICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALLE 4520 REJECTION LEVEL. 0.050
CRITICAL VALUE FOR COMPARISON 43162
STANDARD ERROR FOR COMPARISON 13504

Table 4-13. Tukey's test for multiple comparisons for male TSH levels.

Therefore, the NOAEL in this experiment for TSH in male rats is .44 mg/kg/day.

A summary of the NOAELS is presented in table 4-14.

Dose Groups Statistically Significantly Equal to the Control
MALE FEMALE
T3 .11 mg/kg/day None
TSH 44 mg/kg/day .124 mg/kg/day

Table 4-14. Summary of NOAELs for T3 and TSH.

A summary of the results, conclusions and recommendations are presented in

chapter S.
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V. Conclusions and Recommendationg

Overview

The primary objective of this research was to determine toxicity information to
establish permissible exposure levels of ammonium perchlorate (AP). Sprague Dawley
rats were exposed 1o varying concentrations of AP in their drinking water for a two-week
period. The rats were then sacrificed and their hormone levels were measured via
radioimmunoassay. The goal of the statistical analysis was to determine a threshold dose
based on the hormone level data. The sigmoidal function did not accurately characterize
the data. However, the NOAEL for AP on TSH levels was 0.443 mg/kg/day for the male

rats and 0.124 mg/kg/day for the female rats.

Summary of Findings
Average water consumption
AP did not have a statistically significant affect on the average water consumption
of either sex at the concentrations administered.
Body weight gain
AP did not have a statistically significant affect on the body weight gain of either

sex. Both sexes gained weight in the same manner over the two-week period.
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Thyroid/Body weight ratio

AP had a statistically significant affect on the thyroid/body weight ratios of the rats
exposed 11.4 mg/kg/day and higher. The thyroid/body weights in these dose groups
experienced an increase in thyroid body weight ratios as compared with the control group.
Thyroid hormone levels

AP had a statistically significant affect on the thyroid hormone levels in both sexes
and the sexes were not affected in the same way. Triiodothyronine (T3) levels in male and
female rats fell, Thyroxine (T4) levels femained relatively unchange;. - Reverse
Triiodothyronine (rT3), Thyrotropin (TSH), and Thyroglobulin (Tg) all increased in both
males and females.
Data

The data derived from the two-week study could not be used to establish a dose-
response function in order to extrapolate the dose level which corresponds to two
standard deviations above the mean hormone leve! for the control group. It appeared that
the dose range was not optimum and that lower doses were needed. However, a Tukey
comparison of means revealed a NOAEL of .44 mg/kg/day for the male rats and .124
mg/kg/day for the female rats. These results are consistent with the assumption made by
Dollarhide (1992) that .14 mg/kg/day was the NOAEL for perchlorate. Based on these
NOAELs a RfD of 4.133 X 10 is recommended. This reference dose proposes an
uncertainty factor of 300. Ten for the use of less than a chronic study, ten for the

protection of sensitive individuals and three for the application of animal data to humans.
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Since Capen (1992) has shown that the rat thyroid is more sensitive than the human

thyroid, the later uncertainty factor was halved on a log scale to 3.

Future Research

Although there was enough data to establish a NOAEL for AP, more research is
needed in order to determine the estimated threshold dose. Future studies should‘ establish
dose ranges around an estimated threshold between .124 mg/kg/day and .46 mg/kg/day.
In addition, the NOAEL should not be divided by overly conservative safety factors in
light of this study’s NOAEL which confirms the range assumed by the EPA and because it

is now known that the rat thyroid is more sensitive than the human (Capen, 1992).
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NOTE: This assessment was prepared for the sponsors by an
independent party. It has been included in this package to demonstrate
alternative approaches that have been taken in the development of a RfD
for perchlorate. The RfD in this report is not subject to review at this
meeting; it has been included for informational purposes only. TERA does
not necessarily agree or disagree with the conclusions of this report.
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EXECUTIVE SUMMARY

This document establishes 4 mg/L as a risk-based safe level for
perchlorate in groundwater at the Aerojet site in north central California.
This risk-based safe level is based upon the assumption that a resident
drinks two liters and bathes in this water daily. The perchlorate anion
(ClOy4") exists on the Aerojet site mostly in the form of ammonium
perchlorate (INH4ClOy), although 4 mg/L is also safe for other perchlorate
salts.

When consumed at high doses for prolonged periods, perchlorate
exacerbates the frequency of thyroid cancer. However, its mechanism of
carcinogenesis is clearly understood and requires the growth of the
thyroid gland into a goiter as an intermediate step. Below the goitrogenic
dose there are no carcinogenic risks from perchlorate exposure.

A reference dose (RfD) of 0.12 mg/kg/day has been calculated for
perchlorate on the basis of noncarcinogenic adverse health effects, and this
RfD is used to derive the risk-based safe level of 4 mg/L in groundwater
as presented in this report. The RfD is derived from the plethora of
human data from Graves’ disease patients treated with high doses of
perchlorate as well as toxicologic studies of animals treated with lower
doses of perchlorate. It allows for incorporation of a 100-fold safety ‘actor
in determination of a safe dose.

For determination of 4 mg/L as a safe level of perchlorate in groundwater
at the Aerojet site, two exposure pathways have been considered:

e Ingestion of groundwater at two liters per day; and
e Dermal contact with groundwater during bathing.

Since perchlorate penetrates skin poorly, the latter pathway contributes
insignificantly to total potential risk. Groundwater ingestion
predominates as the major pathway of significance. The safe level of
4 mg/L in groundwater is ten times the 0.4 mg/L detection limit for
perchlorate.
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SECTION 1

INTRODUCTION

The purpose of this document is to establish a safe level of perchlorate in
groundwater. Following a discussion of toxic mechanisms, a safe leve! of
perchlorate in groundwater is derived based upon its calculated reference
dose and potential human exposures through ingestion and dermal
contact. AppendiX A of this document explores the toxicology of
perchlorate more completely and presents a glossary of technical terms. A
complete list of references may be found at the end of this report.

Perchlorate has been used in the past as an oxidizer in rocket propellants,
and residual concentrations are found in groundwater at the Aerojet site.
Although perchlorate has been utilized medicinally to treat hyperthyroid
patients, there is not an extensive environmental reference base for
perchlorate toxicity. Since it has been shown to increase thyroid cancer
frequency when fed to test animals at high doses and since it is highly
water soluble, there has been some concern as to what constitutes a safe
level in groundwater. Present analytical techniques are not capable of
@egsuring perchlorate below 0.4 mg/L in water samples.
reldoly, 7
The reason that perchlorate (ClOy) is useful in rocket fuel is that it is very
active as a oxidizer (i.e., it gives up the 4th oxygen quite readily). If
reducing agents are encountered in the environment, perchlorate is
readily reduced to chlorate (ClO3°). As will be shown, all perchlorate
toxicities are mediated by its action on the thyroid. Since the chlorate
anion has no effect upon the thyroid gland, it is not toxic. Perchlorate silts
are freely water-soluble and dissociate such that the toxicologies of
various salts (NHy, Na, K, etc.) are very similar.

1-1
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SECTION 2

TOXICOLOGY OF PERCHLORATE (OVERVIEW)

The perchlorate anion (ClOy") blocks iodine uptake through competitive
binding with the iodide transporter. When consumed at high doses for
prolonged periods, perchlorate exacerbates the frequency of thyroid
cancer. However, its carcinogenic mechanism is clearly understood and
requires prolonged hyperthyroid growth (goitrogenesis). There is no
carcinogenic risk if exposures to perchlorate are below the goitrogenic
threshold dose. NN

e Ll 15 ”
Therefore, a human reference dose (RfD) of 0.12 mg/kg/day has been
derived based upon noncarcinogenic toxicities of perchlorate and the
application of appropriate safety factors. The 0.12 mg/kg/day RfD for
perchlorate is utilized herein to derive a safe residual level in groundwater
based on ingestion and dermal contact. Specific calculations for each
route of exposure are presented in Section 3; Section 4 summarizes the
results of the risk calculations.

The ayailable epidemiologic and experimental data in support of this RfD
for perchlorate are detaile 1 and referenced in Appendix A of this report.
These toxicological data for perchlorate include interspecies comparisons,
sexual differences, genotoxic, developmental and reproductive data, as
well as a discussion of potential target organ sites other than the thyroid
gland. A glossary of technical terms is provided at the end of this report.

Available toxicological data for perchlorate is very consistent based on
several human studies and animal experiments. The highest No Observed
Adverse Effect Level (NOAEL) and lowest Lowest Observed Adverse
Effect Level (LOAEL) data in humans, rats and other animals are within
an order of magnitude, with 12 mg/kg/day representing a
“NOAEL/LOAEL interface” in healthy human volunteers.

Males and females have equivalent sensitivities to perchlorate toxicity.
Only the thyroid gland is adversely affected by perchlorate doses which
are below gram/day levels in humans. The NOAEL for_reproductive and
developmental effects, including fetotoxicity, is also well above the
threshold for perturbation of the thyroid-pituitary axis.

As defined by USEPA, data for the determination of reference doses
(RfDs) are best based upon the highest NOAEL available from chronic
studies in humans. Prior to Brabant's recent studies (Brabant et al 1992,

2-1
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1994, 1995), the best available human data were from Stanbury and
Wyngaarden (1952). However, there are several advantages to the more
recent Brabant studies:

* Brabant's subjects were normal healthy individuals, whereas Stanbury
and Wyngaarden's subject was hyperthyroid;

e Brabant used 10 subjects, whereas Stanbury and Wyngaarden studied
but one subject; and

e Brabant's studies were subchronic, whereas Stanbury and
Wyngaarden'’s study was acute.

As explained further in Appendix A, due to further experimentation in
1995, the Brabant et al (1994) NOAEL of 12 mg/kg/day is better
interpreted as a NOAEL/LOAEL interface, in that thyroid volumes
increased slightly but significantly during the fifth week of daily
administration of perchlorate at 12 mg/kg/day. Neither decreased T3/T4
nor increased TSH levels were observed in individuals who experienced
these slight increases in thyroid volume. Hench, 12 mg/kg/day is a
NOAEL for the thyroid-pituitary axis as normally defined, but a slight
LOAEL for thyroid volume. For the reasons stated above, this endpoint
would appear superior for RfD determination than the formerly utilized
LOAEL of 1.4 mg/kg/day from the study of Stanbury and Wyngaarden
(1952).

Thus, it is recommended that the NOAEL/LOAEL value of 12
mg/kg/day perchlorate be adopted as the basis for a reference dose with
application of two tenfold safety factors for subchronic-to-chronic
extrapolation and protection of potentially sensitive populations. Among
the potentially sensitive populations covered by incorporation of this
second tenfold safety factor are children. Thus, the reference dose derived
in this analysis is 0.12 mg/kg/day (i.e., 12 mg/kg/day + 100). The
threshold dose required for perchlorate-induced thyroid carcinogenesis is
above the 12 mg/kg/day dose which has been used to establish this RfD.
Hence, the question of carcinogenicity by perchlorate is moot, since the
reference dose chosen is protective of this as well as other thyroid-
mediated effects.
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SECTION 3

RISK ASSESSMENT FOR PERCHLORATE IN
GROUNDWATER BY EXPOSURE ROUTE

Potential risks to adults from exposure to 4 mg/L perchlorate in
groundwater are calculated for two routes of exposure: ingestion and
dermal contact. Evaluation of inhalation exposure to perchlorate in
ground water is not required since perchlorate is not volatile. Default
assumptions for exposure amounts via each route are discussed below
and annotated. These default parameters are based on an unrestricted use
scenario (i.e., that groundwater is used as drinking water for residential
housing or other similar use). For example, it is assumed that adults
spend their entire day at the site, which is overly conservative for the
adult on-site worker. Risk is defined as the hazard index, (i.e., the ratio of
dose via each exposure pathway to a safe reference dose). If the total
hazard index by both exposure routes exceeds one, adverse health effects
may occur as a result of the defined conditions of exposure.

Ingestion

There are many default values for groundwater ingestion. Ingestion of
two liters of water per day (2L/day) has been used routinely as a default
value for adults (USEPA, 1989; California, 1994), although other default
values may be used for children (USEPA, 1989; California, 1994). Use of
these factors (i.e., ingestion of 2 liters of water a day by a 70 kg adult) is
consistent with the approaches used by USEPA to derive drinking water
health advisories and to evaluate maximum contaminant levels (MCLs),
and is consistent with USEPA Region IX's calculation of tap water
preliminary remediation goals (PRGs). Default ingestion scenarios
assume total groundwater consumption, (i.e., in coffee and other products
containing groundwater as well as for drinking water itself).

Using the default exposure assumptions developed by the California
Department of Toxic Substances Control (California, 1994) for an adult
under a residential scenario, the daily ingestion dose is calculated as
follows:

/ 3 2 = 0.11 mg/kg/day
70 kg x 24 vears x 365 davs/year ,

31



Since the reference dose for perchlorate is 0.12 mg/kg/day, the following
hazard index may be obtained:

011 mg/kg/day +0.12 mg/kg/day = 0913

Thus, for ingestion of groundwater, the proposed 4 mg/L level of
perchlorate results in a hazard index that is less than one. Hence, the
concentration is considered safe for an adult exposed to this concentration
via ingestion of groundwater under an unrestricted use scenario.

Dermal Absorption

Dermal absorption of contaminants in groundwater depends upon
multiple physical and chemical properties of the contaminant (USEPA,
1992). Important parameters which determine the extent of dermal
absorption of substances in groundwater include: size and molecular
weight, water solubility, permeability coefficient in aqueous media (Kp),
and octanol/water partitioning coefficient (Kow )

Given that site groundwater is within the normal range of physical and
chemical parameters, the most important drivers of dermal absorption are
the combination of solubilities of a given contaminant in water and
organic solvents. Those contaminants which have infinite water and
organic solvent dissolution, such as dimethyl sulfoxide (DMSO), are
absorbed vir.wally 100 percent by skin. On the other hand, highly g olar or
highly apolar compounds are poorly absorbed by skin. For example,
addition of a nitrogen to the aromatic ring of benzoic acid to form
nicotinic acid increases polarity, renders it lipid insoluble and greatly
delimits dermal absorption (USEPA, 1992). Inorganic ions are more
highly polarized than nicotinic acid, and have limited solubilities in
organic solvents such as ether and ethanol; therefore, their dermal
absorptions are normally less than 10 percent and frequently less than

1 percent.

Perchlorates (ClOy’) are freely soluble in water, but are insoluble in ether
and have limited solubilities in ethanol and methanol (Merck, 1983).
Water solubilities for four perchlorate salts at 25°C are within the range of
20-80 percent (CRC, 1996), as summarized below.

32
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Perchlorate Water Solubilities

(CRC, 199¢6)
Perchjorate Wat ity (%
Ammonium (NH4CIOy) 19.7
Lead (Pb(ClO4]?) 81.5
Nickel (Ni[ClO4J2) 52.8
Sodium (NaClOyg) 67.2

Although no published Ky, value for any perchlorate could be found, it is
probable that cadmium chloride (CdCly) is a reasonable surrogate. Like
perchlorates, cadmium chloride is freely soluble in water (54.6 percent at
25°C), insoluble in ether and slightly soluble in ethanol and methanol.
The permeability coefficient of cadmium chloride is 0.0012 em/hr
(USEPA, 1992).

Given that various perchlorate salts, including ammonium perchlorate,
have relevant physical and chemical characteristics that are similar to
cadmium chloride, cadmium chloride represents a reasonable surrogate
value for perchlorate. This approach is consistent with the methodology
recommended by USEPA (1992) for evaluation of inorgani: constituents in
water.

If one assumes that an adult is dermally exposed through bathing to
4 mg/L perchlorate in groundwater at the Aerojet site, the following
equation pertains (USEPA, 1989; California, 1994):

DAD = GC x CF x SA x Kp xTxEF x ED
BW x ED x 365 days/year

Where:
DAD = Dermally absorbed dose (mg/kg/day)
cC = Groundwater concentration (4 mg/L)
CF = Conversion factor (103 L/an3)
SA = Skin surface (23,000 cm?, adult; California, 1994)
Kp =0.0012cm/hr

= (.14 hrs/day (California, 1994)
EF = Exposure frequency (350 davs/year; California, 1994)
ED = Exposure duration (24 vears, adult; California, 1994)
BW = Body weight (70 kg, adult; California. 1994)
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Thus, for an adult, the following dose may be calculated:

DAD=4x10°x23.000 x00012x014x350 x 24 =0.00021 mg,'kg/day
70 x 24 x 365

Since the reference dose for perchlorate is 0.12 mg/kg/day, the following
hazard index may be obtained:

0.00021 mg/kg/day « 0.12 mg/kg/day = 0.002

Thus, the proposed 4 mg/L level of perchlorate in groundwater results in
a hazard index that is well below one for an adult receptor exposed via
dermal contact under a residential scenario, and no adverse health effects
would be anticipated as a result of the defined exposure.
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SECTION ¢
~ CONCLUSION

As detailed in Appendix A, a reference dose (RfD) of 0.12 mg/kg/day has
been derived for perchlorate. This RfD has been utilized in the previous
section to calculate potential risk from 4 mg/L perchlorate in groundwater
for an adult by ingestion and dermal exposure under an unrestricted land
use scenario. The foregoing calculations yielded the following hazard

indices:
Xposy u Hazard Index
Ingestion 0.913
Dermal contact 0.002
TOTAL 0.915
— As shown above, the maximum total hazard index (0.915) is less than one.

Four mg /L per:hlorate was derived as the concentration in groundw ater
that would present no risk by ingestion and dermal contact based upon
the reference dose of 0.12 mg/kg/day. It should also be noted that only if
individuals drank and bathed in water containing 100 times this
concentration (400 mg/L perchlorate) each day for over one month would
the first signs of thyroid toxicity appear (Brabant, 1994).
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SECTION A1l

INTRODUCTION

Overview of Perchlorate Toxicity

Perchlorate, ClOy4, is an anion which forms salts with most cations.
Monovalent cation salts of sodium (NaClOjy), potassium (KClO4) and
ammonium (NH3ClO4) perchlorate have found wide use as rocket
propellants, ignitable sources and, medicinally, for control of
hyperthyroidism. Perchlorate is still used today for the control of hyper-
thyroidism in Germany. Since perchlorate salts all dissociate completely
when dissolved in water or aqueous tissues, their toxicities are equivalent
(although doses must be adjusted slightly to account for molecular weight
differences of the cations). As will be annotated further below, the sole
toxicologic mechanism of perchlorate in the 1-10 mg/kg/day dose range
in a variety of mammalian systems is to block iodine uptake by the
thyroid gland.

USEPA has adequately dismissed the issue of thyroid cardnogenicity by
perchlorate (USEPA, 1988; Hill et al, 1589; USEPA Risk Assessment
Forum, in press). Perchlorate is nongenotoxic and its mechanism for
thyroid carcinogenesis requires long-term exposure to very high
concentrations. The USEPA has concluded that perchlorate and other
thyroid carcinogens have carcinogenic threshold concentrations.

As spelled out further below, perchlorate, like many other thyroid
carcinogens, acts by blocking iodine uptake and inducing goitrogenesis
via chronic exposure. Similarly, a mere lack of iodine in the diet increases
risk for thyroid cancer also mediated through goitrogenesis. The fact that
the carcinogenidity of perchlorate may be mimicked by iodine deprivation
not only defines its mechanism of action but also indicates a dose-
response relationship which contains a threshold (i.e., that perchlorate
dose which blocks iodine uptake sufficiently to cause goiter formation).
The mechanism for thyroid carcinogenesis by those agents which block
iodine uptake has been recently reviewed (Thomas, 1994).

Since the threshold dose for perchlorate induction of goiter formation is
quite high, other lower toxic doses are more useful in setting safe levels
based upon noncarcinogenic activities. However, it should be noted that
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virtually all toxicities associated with perchlorate are mediated by its
adverse effect on hormone synthesis by the thyroid gland.

Perchlorate Carcinogenicity and Goitrogenesis

The USEPA Risk Assessment Forum has discussed overall mechanisms of
thyroid follicular cell carcinogenesis by goitrogens which block iodine
uptake (USEPA, 1988; Hill et al, 1989; USEPA in press). Experimental
perchlorate thyroid carcinogenesis requires goitrogenesis and, hence, is
mediated by the same iodine-blocking mechanisms which cause
depression of trilodothyronine (T3) and thyroxin (T4) along with elevation
of thyroid stimulating hormone (TSH). These are the cardinal signs of
disturbance of the thyroid-pituitary axis. If the thyvroid-pituitary axis is
not disturbed, there is no carcinogenic risk. Animals treated with
perchlorate at carcinogenic levels are prevented from thyroid
carcinogenesis if given exogenous T3/T4 (Paynter et al, 1988). Hence, the
threshold concentration of perchlorate below which there is no depression
of T3/T4 with TSH elevation is completely protective for carcinogenesis.

Both the Paynter et al (1988) and Hill et al (1989) papers represent
USEPA's endorsement of a threshold mechanism for thyroid follicular
carcinogenesis which depends upon goitrogenesis resulting from
derangement of the thyroid-pituitary axis, (i.e., depressed T3/T4 with
elevated TSH). For these reasons, despite USEPA's classification of B2
carcinogenicity, there is no carcinogenic risk from perchlorate at levels
below the NOAEL for disruption of the thyroid-pituitary axis. Hence,
carcinogenesis as an endpoint will not be discussed further in this paper
and the discussion instead will focus on setting a reference dose (RfD) for
noncarcinogenic effects.

NOAEL/LOAEL Values for Noncarcinogenic Effects

Reference doses (RfDs) for the protection of human health are optimally
derived from human data, if available. Because of its widespread use in
the chemotherapy of hyperthyroidism, as much human data exists for
perchlorate as for any other potentially toxic substance. For other less well
studied toxicants, precise dosimetry is derived from animal experiments
and adjusted for human risks via application of safety factors (Dourson,
1994). Critical values in the determination of safe doses are the NOAEL
(No Observed Adverse Effect Level) and LOAEL (Lowest Observed
Adverse Effect Level), the highest dose showing no adverse health effect
and the lowest dose showing such an effect, respectively.

Al-
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A careful compilation of available studies of the perchlorate toxicity
database shows a consistency of effects across species and sensitive
individuals with NOAEL and LOAEL values agreeing within the same
order of magnitude. Hence, it is recommended that no safety factors
should be used for database insufficiency or for interspecies extrapolation
(see further discussion in Section 3).

Al-3
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SECTION A2

STUDIES OF PERCHLORATE TOXICITY
IN HUMANS

Most studies of perchlorate in humans and experimental animals have
utilized doses 25 mg/kg/day; fewer contain the low dose information
relevant to the establishment of a dose-response relationship between
perchlorate exposure and disturbance of the thyroid-pituitary axis, which
is the most sensitive measure of perchlorate toxicity. Much of the human
data concerning perchlorate toxicity come from case studies of
hyperthyroid patients treated with perchlorate to reduce thyroid volume.
There are less data concemning NOAEL and LOAEL values in healthy
humans. The one epidemiologic study of perchlorate workers could not
discern the effects of perchlorate itself, since many chemical exposures
existed simultaneously (Rockette and Arena, 1983).

Studies in Normal Human Volunteers

Three stuc.ies of normal human volunteers treated with perchlorate exist.
They are Brabant et al (1992, 1994, 1995), Burgi et al (1974) and Shigan
(1963). These studies are summarized below.

Brabant et al (1992, 1994, 1995)

Perchlorate continues to be utilized in Germany for the control of
hyperthyroidism. Dr. Georg Brabant, a clinical endocrinologist at the
Medizinische Hochschule in Hanover, has been conducting research into
the mechanisms of perchlorate action for the past five years. In the
Brabant et al (1992) study, five healthy male volunteers in their mid-20s
were treated for four weeks with 200 pg/day iodine followed by 900
mg/day (12 mg/kg/day) perchlorate for an additional four weeks. T3/T4
and TSH levels were followed during a 24 hours period at the end of both
iodine and perchlorate treatments. T3/T4 levels were not altered by
perchlorate treatment and TSH levels decreased slightly during the four
weeks on perchlorate. Hence, from the published Brabant et al (1992)
study, a human NOAEL for perchlorate for perturbation of the thyroid-
pituitary axis appears to be 12 mg/kg/day.
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Brabant et al satistied the above former technical definition of a NOAEL
for perchlorate induction of hypothyroidism (lack of T3/ T4 depression, no
elevation of TSH). In further experiments with healthy male volunteers,
Brabant et al (personal communication, 1994, 1993) have shown that
treatment with 12 mg/kg/dav perchlorate for longer than four weeks
results in a slight, but statistically significant increase in thyroid volume
for all treated human subjects, even though TSH is never seen to increase.
Their interpretation is that enhanced thyrocyte sensitivity to TSH is an
adaptive response which is as important as increased TSH levels in the
human response to inhibited iodine uptake. Hence, 12 mg/kg/day may
be interpreted as a human NOAEL/LOAEL, (i.e., at the interface between
NOAEL and LOAEL values), rather than as a strict NOAEL per se.

Dr. Brabant is in the process of writing up his latest research for
publication in a peer-reviewed journal (Brabant, in press). Within the past
vear his group has realized that subtle, diurnally adjusted changes in
thyroglobulin levels may be the most sensitive index of perchlorate
activitv. It is anticipated that this endpoint may allow precise titration of a
human NOAEL. In addition, longer term followup of his volunteer cohort
after cessation of perchlorate treatment has shown that slight increases in
thvroid volumes quickly return to normal.

urgieta 7.

Burgi et al (1974) examined the effect of 200 mg perchlorate adm’nistered
three times daily for one week to five healthy volunteers on the fate of
radioiodines administered 17 days (as iodine-125) and 6 days (as iodine-
131-thvroxin) previously. Average weight of these five volunteers was
61.8 kg. Burgi et al’s complicated protocol was designed to determine if
perchlorate could displace all incorporated radioiodines from the human
thyroid gland. Since part of the endogenous radiciodine was purged from
thyroid glands in this study, 9.7 mg/kg/day is calculated as a LOAEL
sufficient for disturbance of the thyroid-pituitary axis.

Shigan (1963)
Shigan (1963) utilized urinary excretion of administered iodine-131 as a
measure of iodine uptake in normal human healthy volunteers fed
ammonium perchlorate. Four of five volunteers had increased urinary
excretion of iodine-131 following ingestion of 2.9 mg/kg/day, which is a
LOAEL in this study. Further details concerning this Russian study are
not available, but these human data compared favorably with

experimental data from rats reported in the same paper (see discussion
below).
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Studies in Hyperthyroid Patients

Although case studies are somewhat useful in the absence of valid
epidemiologic data, they are limited in their statistical power. For all but
one patient, who was exposed to perchlorate for only a few hours,
treatment was prolonged at very high doses of perchlorate and
determination of NOAEL or LOAEL levels is precluded. The one
exception comes from the short-term study of Stanbury & Wvngaarden
(1952) in which one hyperthyroid patient showed a LOAEL of
1.4 mg/kg/day and a NOAEL of 0.14 mg/kg/day.

Chronic treatment of Graves’ disease patients with high levels of
perchlorate has resulted in agranulocytosis and aplastic anemia. It is most
likely that secondary chronic effects of perchlorate administration are
mediated by loss of T3/T4 and the hormonal effects of subnormal
triiodothyronine and thyroxin levels on bone marrow production of blood
cells. Higher levels of perchlorate are required for methemoglobulinemia
and irritation of oral or gastric mucocsa, eves or skin. Hence, overall, levels
that are protective for thyroid-pituitary axis dysfunction (i.e., those
endpoints utilized for NOAEL/LOAEL/RfD calculations), are protective
for all known adverse effects of perchlorate.

In patients treated with perchlorate at >15 mg/kg/day for Graves’
disease, some skin rashes (6/240), nausea (5/240) and agranulocytosis
(1/240) were seen (Crooks and Wayne, 1960). Additional cases of
agranulocytosis were also described by Barzilai and Sheinfeld (1966),
Southwell and Randall (1960) and Sunar (1963). In Morgans and Trotter
(1960), 3% of 180 patients treated with 26 mg/kg/day and 18% of 67
patients treated with 220 mg/kg/day perchlorate developed skin rashes,
sore throats and gastrointestinal irritation. One fatal acute liver atrophy
developed in a patient treated with 10 mg/kg/day perchlorate for 13
months (Kotzaurek, 1965). Another case report describes nephrotic
syndrome in a patient treated with 11 mg/kg/day for 5 months (Weber
and Wolf, 1969). In the 1960s, several patients receiving 210 mg/kg/day
perchlorate for Graves’ disease therapy developed fatal aplastic anemias
(Hobson, 1961; Johnson and Moore, 1961; Fawcett and Clarke, 1961;
Krevans et al, 1962; Gjemdal, 1963; Barzilai and Sheinfeld, 1966).
Although these side effects of prolonged perchlorate treatment are serious,
two constraints on the interpretation for setting a reference dose must be
noted:

* None of the observed side effects occurred in patients who received
less than 6 mg/kg/day perchlorate.
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* Similar side effects have been noted in other therapeutic regimes for
hyvperthyroidism, including propylthiouracil and carbimazole (Everd,
1976, Biswas et al, 1991). Use of these chemotherapeutic regimes also
required high doses for elicitation of adverse effects.

Al
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groups. The dams which had not given birth in both groups showed no
signs of implantation.

In a subsequent study, Brown-Grant and Sherwood (1971) also fed
potassium perchlorate at 1 percent in drinking water to gravid Wistar rats,
but in this case the rats were lactating, to delay implantation, and 0.1
percent potassium iodide served as the control. The feeding scheme was
also prolonged from the day of conception to the 12th or 13th dav. Again,
there was not a significant effect of perchlorate on implantation. When
pup thyroids were examined, a significant increase in weights of the
perchlorate-treated group was noted (~30 percent), which is similar to the
adult response at this high dose. Although perchlorate can cross the
placenta, it does not affect blastocyst survival in the rat. It is concluded
that at 100 times the NOAEL, perchlorate crosses the placenta where its
only effect is to enlarge the fetal thyroid gland. Perchlorate is not a
reproductive or developmental toxin at this very high dose.

Genotoxicity data

A thorough review of all available scientific literature reveals no tests for
genotoxicity of perchlorate. Chemically, there is no reason to suspect that
perchlorate would react with DNA or that its presence in cells would
prove disruptive to chromosomal structure or replication. The mechanism
by which perchlorate is carcinogenic for the thyroid gland at high
concentrations requires blocked iodine uptake and subs-:quent
goitrogenesis and does not depend upon any genotoxic activity. Given
the known mechanism of goitrogenesis and lack of data for mutagenicity
or cdlastogenicity, it is concluded that perchlorate is not genotoxic.
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SECTION A4

COMPILATION OF STUDIES USED FOR
ESTABLISHING A REFERENCE DOSE

A plethora of data exists for high doses of perchlorate administered to
hyperthyroid patients. Although relatively few normal human and
experimental studies of perchlorate toxicity are available from which to
evaluate dosimetry, the agreement between all these various studies is
striking. These data are compared in the following subsections.

Human NOAEL and LOAEL Values

Three studies have been conducted in normal human volunteers
administered perchlorate for various periods of time. In the first Brabant
study (Brabant, 1992), as measured by T3/T4 diminution and TSH
stimulation, there were no effects in five healthy volunteers given 12
mg/kg/day after four weeks. However, in a followup study utilizing
another five healthy volunteers, although the T3/T4/TSH levels were not
perturbed, some increase in thyroid volume occurred after administration
of 12 mg/kg/day beyond the fourth week. These data along with those of
Burgi et al (1974) and Shigan (1963) are summarized in the following table.

TABLE2

Comparison of NOAEL and LOAEL Values in Human Studies

Reference NOAEL LOAEL Effect
Brabantetal (1992) 12mg/kg/d T3/T4 not
decreased
TSH not increased
Brabant et al (1994) 12mg/kg/d  Thyroid volume
increase
Burgi et al (1974) 9.7mg/kg/d Depletion of I-131
from thyroid
Shigan (1963) 29mg/kg/d Depletion of I-131

from thyvroid
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SECTION A3

STUDIES OF PERCHLORATE TOXICITY
IN ANIMALS

In general, perchlorate toxicities in domestic or experimental animals
mirror those seen in human volunteers or patients receiving perchlorate
therapeutically. Disruption of the thyroid-pituitary axis is the main
mammalian toxicity of perchlorate and a threshold for this effect is seen in
animals as well as in humans. As a beneficial effector. perchlorate salts
have been utilized in Russia for increasing the weight of domestic animals
(Yakimenko et al, 1981). Weight gains of up to 31 percent as compared to
controls were seen with 5 mg/kg/day ammonium perchlorate,
comparable to the LOAEL values seen in other studies.

Acute Studies in Experimental Animals

There are many reported acute toxicity experiments of perchlorate
administration to animals. Perchlorate is moderately toxic to rats, with the
LDsg in the range of 14 g/kg, (Praeger and Sax, 1982). However, acute
toxicity experiments are of little value in establishing a reference dose and,
therefore, are not considered further here.

Chronic Studies in Experimental Animals

The only chronic studies of perchlorate toxicity in experimental animals
have to do with carcinogenesis and, as discussed above, are not directly
relevant to establishment of a reference dose. Studies are summarized
below which clearly demonstrate that perchlorate is not an initiator of
thyroid carcinogenesis.

Hiasa et al (1987) fed male Wistar rats 0 or 1000 ppm perchlorate for 20
weeks and measured T3, T4 and TSH levels, as well as body and liver
weights and appearance of thyroid tumors. Although TSH levels
increased, T3 and T4 changes were not statistically significant. No thyroid
tumors were seen. In separate groups of 20 rats first injected with 28
mg/kg n-bis(2-hydroxypropyvl)nitrosamine and then fed perchlorate,
20/20 developed thyroid tumors, whereas without perchlorate treatment
only 1/20 developed tumors. There were no effects of perchlorate on
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body or liver weights. Exactly the same promotion of initiated thyroid
tumors may be mediated by iodine deficient diets alone, suggesting that
this is the sole activity of perchlorate (Ohshima and Ward, 1986).

The experimental studies of perchlorate dose-response for perturbation of
the thvroid-pituitary axis and mechanism of carcinogenesis are prototypic
in demonstrating a threshold for carcinogenic promotion. The evidence
for thyroid tumor promoter thresholds has been summarized by USEPA
(USEPA, 1988; Paynter et al, 1988; Hill et al, 1989) and the implications for
risk assessment of perchlorate and other nongenotoxic thyroid tumor
promoters reviewed recently by McClain (1992).

Subchronic Studies in Experimental Animals

Whereas most laboratory studies of perchlorate carcinogenicity using
experimental rodents have been chronic, most dose-response studies have
been subchronic. Of particular value is Ménnisto et al (1979), a four day
study in rats which received four concentrations of perchlorate in drinking
water (the concentrations embraced NOAEL and LOAEL doses for
perturbation of the thyroid-pituitary axis).

The data of Miannistd et al (1979) are useful in that a wide range of
perchlorate doses were administered. These data are summarized below.

TABLE1

T3/T4 and TSH Levels in Perchlorate-Treated Rats (Mdnnisté et al, 1979)

Perchlorate (mg/L)  mg/kg/day  T3/T4 ISH
0 0 No change No change
10 15 No change No change
50 7.6 Decrease Slight increase*
100 15.3 Decrease Increase
500 76.3 Decrease Increase

*The slight increase in TSH was not statistically significant.

Given the definition of perturbation of the thyroid-pituitary axis (i.e.,
T3/T4 levels must be depressed while TSH is elevated, both in statistically
significant manners), it is concluded from the Minnistd et al (1979) data
that 7.6 mg/kg/day is a NOAEL and 15.3 mg/kg/day is a LOAEL for
perchlorate in the rat.
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Comparison of the Mdnnisto et al (1979) and Brabant et al (1992) LOAEL
data challenges the assumption that rats have a different sensitivity to
perchlorate than humans. Whereas rats showed a slight, statistically
significant, increase in TSH at 15.3 mg/kg/day perchlorate, TSH remained
depressed at 12 mg/kg/day in human volunteers, although thyroid
volume increased slightly after four weeks (Brabant et al, 1994). Hence,
the LOAELs derived from these studies are similar: 15.3 and 12
mg/kg/day, in the rat and in humans, respectively.

Kessler and Kruskemper (1966) fed 1 percent potassium perchlorate
(~1300 mg/kg/day) to 40 rats maintained with 40 controls. Groups of 6-8
rats were sacrificed immediately and after 40, 120, 220 and 730 days of
treatment. There was no influence of 1,300 mg/kg/day on body weight.
Thyroid glands, however, were hypertrophied, with histological changes
being detected by 40 days and progressing throughout the experiment
through fibrosis and on to follicular adenomas. Gauss (1972) conducted
similar experiments in mice, with similar effects seen on the thyroid gland,
but also minor weight loss (11.6 percent) during the first two months of
treatment (as cited in ECAOQ, 1992).

To study iodine uptake by the rat and rabbit thyroid, Shigan (1963) used
iodine-131, which was administered a day following ingestion of
perchlorate; test doses of perchlorate were 0, 0.25, 2 and 40 mg/kg/day.
Urinary excretion of iodine-131 was higher than controls in the 2 and 40
mg/kg/day groups, although not higher at 40 than 2 mg/kg/day. By this
criterion, 0.25 mg/kg/day perchlorate did not block 10dine-131 uptake
and, hence, was the NOAEL in this study, while 2.0 mg/kg/day was the
LOAEL.

Other Organ Site Studies in Experimental Animals

Pflugfelder (1959) studied the effect of ingested potassium perchlorate on
the thyroid and other organs of the chicken. Daily doses were 20, 30 and
40 mg/kg to groups of three chickens for each dose. Although it appears
as if this was a chronic study, it is not clear how long chickens were
maintained on these perchlorate doses prior to sacrifice and necropsy.
Thyroid volumes were reduced at all doses as was body weight gain.
Other organ toxicities noted at all doses included: Failure of the bursa of
fabricius (an organ for the maturation of B-lymphocytes), diminished
feather exfoliation, lessened sexual development and degeneration of
cerebellar Purkinje cells. Hence, in the chicken, it appears that 20
mg/kg/day perchlorate is a LOAEL for several target organ sites, albeit
with limited significance for assessing human risks.
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Sreebny et al (1963) studied the effects of drinking water with 1 percent
KClO4 to male Sprague-Dawley rats for 30 or 60 days on three exocrine
glands: The submaxillary gland, parotid gland and pancreas. Although
submaxillary gland and pancreatic weights were reduced as was
amvlolvtic activity of the parotid, these effects were also caused by
propulthxouracxl and followed induction of thyroid hyperplasia in both
cases. Hence, the observed effects on exocrine glands in this experiment
were indirectly mediated by activity of perchlorate on the thyroid gland.

Hiasa et al (1987) found no effects on liver or body weights from feeding
1000 ppm perchlorate to male rats for 20 weeks.

Shigan (1963) studied effects of perchlorate in rats and rabbits dosed with
0.25, 2 and 40 mg/kg/day orally. Several measured endpoints were
negative at all doses:

e Involuntary regulation of cardiac activity,

e (Central nervous system functions,

¢ Hemoglobin synthesis,

¢ Protein synthesis, and

¢ Liver function.

Hence, for organs other than the thyroid, the NOAEL for perchlorate in
rats and rabbits is in excess of 40 mg/kg/day.

Reproductive, Developmental and Genotoxicity Studies

eproductive a v t

Postel (1957) fed pregnant guinea pigs with 1 percent potassium
perchlorate (740 mg/kg/day) in drinking water from the 21st through the
48th day of gestation and noted a 15-fold enlargement of fetal thyroids.
This fetotoxic dose is 100 times the NOAEL seen in other experimental
studies. The same treatment regimen was too short to enlarge adult
guinea pig thyroids, which required 60 or more days of exposure to
perchlorate for thyroid enlargement.

Brown-Grant (1966) also fed potassium perchlorate at 1 percent in
drinking water (740 mg/kg/day) to gravid Wistar rats from the 2nd to the
8th day of gestation. One percent KCl served as the control dose. Live
litter births occurred in 8/11 perchlorate-treated and 7/11 KCl-treated
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It mayv be seen that these values are in fair agreement over a four-fold
range and, as summarized below, also in fair agreement with data
obtained from hyperthyroid patients and in experimental animals.

All volunteers in both Brabant et al (1992, 1994) studies and the Shigan
(1963) studv were male. However, in the Burgi et al (1974) study, of the
five volunteers, two were male and three female. Hence, it is possible
from their experimental data to assess the overall sensitivities of human
male vs. female thyroids to 200 mg perchlorate being administered three
times daily for a week. These data are especially important given the
paudty of experimental data in female test animals.

Data from the Burgi et al (1974) study are segregated for normal male and
female human subjects and presented in Table 3. Doses of perchlorate ,
when corrected for body weights, were less in males (8.2 mg/kg/day)
than females (11.1 mg/kg/day). No difference was seen between males
and females in their urinary excretion of radiolabeled thyvroid iodine after
treatment with 600 mg perchlorate daily for a week. Males show a 236
percent increase in urinary radioiodine whereas females show a 215
percent increase as measures of mobilization of thyvroid iodine by
perchlorate. These values are statistically indistinguishable.

TABLE 3

Comparison of Perchlorate Toxicities Between Males and Females
(Data taken from Burgi et al, 1974)

Thyroid Effects**
Sex (NoJ) Dose® a) [vA} )]

Male (2) 8.2 93 220 236
Female (3) 11.1 101 217 215

*Doses in mg/kg/day for average weight of males at 73 kg and females at 54 kg.
**The following thyroid effects are corrected for relative body weights:

(1) Urinary excretion of radioiodine (ug/day) before perchlorate.

(2) Urinary excretion of radioiodine (ug/day) after perchlorate.

(3) Percent increase in urinary radioiodine after perchlorate treatment.

It is concluded' that normal males and females have identical sensitivities
to the action of perchlorate on the thyroid gland.

Table 4 compiles LOAEL data from 11 studies of hyperthyroid patients for
whom perchlorate was used therapeutically.
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TABLE 4

LOAEL Values in Hyperthyroid Paticnts

Stanbury & Wyngaarden (1952) 14
Crooks & Wayne (1960) 15
Morgans & Trotter (1960) 6
Kotzaurek (1965) 10
Weber & Wolf (1969) 11
Hobson (1961)

Johnson & Moore (1961)

Fawcett & Clarke (1961) All
Krevans et al (1962) 210
Gjemdal (1963)

Barzilai & Sheinfeld (1966)

It may be seen that there is fair agreement between LOAEL values as
determined from case studies and the data discussed previously from
normal healthy volunteers.

Experimental Animal NOAEL and LOAEL Values

The results of previously discussed experimental studies are also
presented below in tabular form to facilitate comparison of multiple
studies on perchlorate toxicity. Following a summary of NOAEL and
LOAEL values in experimental animals, these are compared with human
values in order to gain an overall appreciation of the general agreement of
data across species.

Table 5 summarizes NOAEL and LOAEL values for perchlorate in three
animal species for the thyroid and other organ sites.
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TABLE 3

Interspecies Comparison of NOAEL and LOAEL Values

mgkg/day
Reference NOAEL LOAEL Species  TargetOrgan
Mainnisto et al (1979) 7.6 15.3 rat thyroid
Shigan (1963) 0.25 20 rat thyroid
rabbit
Shigan (1963) 40 rat other organs
rabbit
Pflugfelder (1959) 2.0  chicken other organs

As mentioned earlier, virtually all animal studies have employed male test
animals, usually male rats, and there are no animal data from which to
evaluate male vs. female comparisons. However, some reproductive
studies have been done for perchlorate administration to pregnant dams
and these results are summarized below.

TABLE 6

Summary o} Reproductive Data in Animal Studies

Reference Dose Reproductive Effect

Postel (1957) 740 mg/kg/d Fetal thyroid '
enlargement

Brown-Grant (1966) 740 mg/kg/d None

Brown-Grant and 740 mg/kg/d Fetal thyroid

Sherwood (1971) enlargement

Other than the known thyrotoxic effects, there are no reproductive effects
of perchlorate administration at very high doses to gravid test animals.

In addition to not being a reproductive toxin, there also are no data to
indicate that perchlorate is genotoxic.

The following table summarizes data for target organ sites other than the
thyroid gland. Since some organ toxicities depend upon the known
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influence of perchlorate on the thvroid and, hence, represent indirect
etfects, this column is included in the table to facilitate interpretation.

TABLE 7

Summary of Target Organ Data in Animal Studies

[arcet Orcan JToxicity Mechanism of Action
Thyroid gland + Blocked iodine transport
Liver - n/a

Heart - n/a

Central nervous system - n/a

Bone marrow +
Submaxillary gland +
Parotid gland +
Pancreas +

Thyroxin-dependent*
Thyroxin-dependent*
Thyroxin-dependent*

Thyroxin-dependent*

*Toxicities which are mediated through impaired T3/T4 synthesis by the thyroid gland.

The three previous discussions are summarized below.

* Males and females have identical sensitivities to perchlorate toxicity;

¢ Perchlorate is neither a reproductive nor genotoxic substance; and

* The only additional organ sites adversely affected by perchlorate
administration besides the thyroid gland itself are those organs whose
homeostasis depends upon thyroxin. As indicated in the discussions
above, overall there is a surprising concordance of data concerning
NOAEL and LOAEL values for the effects of perchlorate on the thyroid
gland in normal human subjects, hyperthyroid patients, and
experimental animals. These data are summarized in Table 8.
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dependent upon thvroxin for normal hematopoietic development
(Wartofsky, 1994). Given the consistency of NOAEL and LOAEL values in
normal human volunteers and hyperthyroid patients and similar values
obtained in experimental animals, it is suggested that the
NOAEL/LOAEL of 12 mg/kg/day from Brabant et al (1992, 1994, 1995)
be utilized for development of a RfD.

As defined by USEPA, data for the determination of reference doses
(RfDs) are best based upon the highest NOAEL available from chronic
studies in humans. Prior to Brabant's recent studies (Brabant et al 1992,
1994, 1995), the best available human data were from Stanbury and
Wyngaarden (1952). However, there are several advantages to the more
recent Brabant studies:

* Brabant's subjects were normal healthy individuals, whereas Stanbury
and Wyngaarden's subject was hyperthyroid;

e Brabant used 10 subjects, whereas Stanbury and Wyngaarden studied
but one subject; and

e Brabant's studies were subchronic, whereas Stanbury and
Wyngaarden's study was acute.

As explained previously, due to further experimentation in 1995, the
Brabant et al (1994) NOAEL of 12 mg/kg/day is better interpreted as a
NO# EL/LOAEL interface, in that thyroid volumes increasad slightly but
significantly during the fifth week of daily administration of perchlorate at
12 mg/kg/day. Neither decreased T3/T4 nor increased TSH levels were
observed in individuals who experienced these slight increases in thyroid
volume. Hench, 12 mg/kg/day is a NOAEL for the thyroid-pituitary axis
as normally defined, but a slight LOAEL for thyroid volume. For the
reasons stated above, this endpoint would appear superior for RfD
determination than the formerly utilized LOAEL of 1.4 mg/kg/day from
the study of Stanbury and Wyngaarden (1952).

Given the sufficiency of the dosimetry database and knowledge of toxic
mechanisms in both experimental and epidemiologic studies, it is
recommended that a ten-fold safety factor is applied for extrapolating
from subchronic human data to protection from chronic exposures,
without need for an additional safety factor for database insuffidendes.

Male vs. Female Data

In the Burgi et al (1974) study of the effect of perchlorate on iodine
secretion in five healthy volunteers, two were male and three were female.
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No differences were noted between male and female volunteers. In the
Brabant (1992, 1994, 1995) studies, all subjects were healthy males. In
terms of perchlorate toxicities during therapy for hyperthyroidism, there
have been no recorded differences between male and female patients.

[t has been reported that hyperthvroidism (goiter) in humans is three
times more prevalent in females than in males (Wartofsky, 1994). If this
predilection for the disease were indicative of a greater sensitivity among
human females to goitrogenic substances, including perchlorate, then this
enhanced sensitivity would have to be taken into account while adjusting
available NOAEL and LOAEL data for a safe human reference dose.

However, it appears that the various hyperthyroidisms, viz., Graves’
disease, which appear exacerbated in females are the result of sensitized
female autoimmunity to TSH and other receptor proteins (Wartofsky,
1994). Females in general are many times more susceptible to all
autoimmune diseases such as systemic lupus erythematosus and
myasthenia gravis due to their more finely tuned T-lymphocyte system
which must prevent potential fetal rejection during pregnancy (Hahn,
1994).

It is recommended that no extra safety factor is required for ensuring that
females may be more sensitive than males to perchlorate toxicity and that
the ten-fold safety factor for potentially sensitive populations takes any
possible variation by sexes into account.

Other Potential Sensitive Populations and Target Organs

The population of hyperthyroid patients may be more sensitive to the
actions of perchlorate than normal healthy individuals. However, rather
than being adversely affected by perchlorate, it is beneficial to those
afflicted by hyperthyroidism. No other more sensitive subpopulations,
including fetuses, have been shown to exist. Although perchlorate passes
the placenta and fetal thyroids enlarge upon daily exposure to perchlorate,
this response is to levels comparable to those required for adult thyroid
enlargement.

Clearly, perchlorate targets the thyroid gland by virtue of its competitive
ability to inhibit iodine transport. All known toxidties of perchlorate to
other target organs such as the exocrine and hematopoietic systems are
probably mediated by thyrotoxicity and subsequent thyroxin depletion.
In some described hypersensitivities in Graves’ disease patients, these
may include the effects of thyroxin depletion upon the immune system,
especially inhibition of suppressor T-cells. The only non- thyrond-
mediated toxicities of perchlorate require very high doses, in excess of

-
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TABLES

Comparison of Human and Animal NOAEL and LOAEL Values
for Perchlorate Toxicity to the Thyroid Gland

Reference NOAEL (mg/kg/d) LOAEL (mg/kg/d)
Studies in Normal Human Volunteers

Brabant et al (1992) 12

Brabant et al (1994) 12

Burgi et al (1974) 9.7

Shigan (1963) 29
tudies in thuroid Patient

Stanbury & Wyngaarden (1952) 0.14 14*

13 Subchronic Studies 6.0
u a l

Mainnisté et al (1979) 7.6 15.3

Shigan (1963) 0.25 2.0

Pflugfelder (1959) 20*

*An acute study with endpoints measured within hours.
**This was the lowest dose tested for thyrotoxidity in chickens.

It should be noted that all subchronic NOAEL and LOAEL values
summarized above in normal humans, hyperthyroid patients and test
animals are within an order of magnitude (2-20 mg/kg/day), except for
the 0.25 mg/kg/day NOAEL of Shigan (1963) and the 0.14 mg/kg/day
NOAEL of Stanbury and Wyngaarden (1952). However, the Shigan (1963)
doses studied dropped from 2.0 to 0.25 mg/kg/day, with no doses in
between. Obviously, higher NOAELs may have been observed in this
study if intermediate doses between 2.0 and 0.25 mg/kg/day had been
evaluated. The utility of the Stanbury and Wyngaarden study is
addressed in the following section.
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SECTION A5

DISCUSSION OF SAFETY FACTORS

In the subsections below, the relevance of the above-summarized data to
establishing safety factors for the conversion of NOAEL and LOAEL data
to an oral human reference dose for perchlorate is discussed.

Most Data Are From Subchronic Rather Than Chronic Studies

Although chronic data are available for Graves’ disease patients treated
with perchlorate, the more recent physiologic studies in human volunteers
have all been terminated after a relatively brief exposure period (1-6
weeks). Brabant et al (1994, 1995) noted that it took longer than four
weeks of exposure for his healthy volunteers to develop slightly increased
thyroid volume, even though other cardinal signs of hyperthyroidism
(T3/T4 diminution, TSH increase) had not occurred. Hence, it would
appear that the NOAEL of 12 mg/kg/day perchlorate noted in the
Brabant (1992) study is more precisely a NOAEL/LOAEL and similar to
the LOAEL observed by Stanbury and Wyngaarden (1952) of 1.4
mg/kg/day, although the latter was derived during an acute study in one
hyperthyroid patient.

The lowest LOAEL of 6 mg/kg/day identified from a review of
subchronic studies comes from the brief review of Morgans and Trotter
(1960) in which 6/180 hyperthyroid patients developed skin rashes, sore
throats and gastrointestinal irritation after a few weeks treatment with
perchlorate. These epithelial reactions in only 3 percent of treated patients
may reflect immunoglobulin-mediated hypersensitivity to perchlorate in
this small minority. The dose range of these patients was actually 400-
1000 mg/day and body weights of the six patients who developed
symptoms is not given. If body weights of the afflicted individuals were
50 kg rather than the 70 kg assumed for calculation of the 6 mg/kg/day
LOAEL and if they had been exposed to 1000 mg/day rather than the 400
mg/day assumed, then this LOAEL might be more in the range of other
values seen (210 mg/kg/day). Unfortunately, the raw data required for
these calculations are not available.

Many of the other observed toxic effects of perchlorate seen after chronic
administration of 210 mg/kg/day, such as agranulocytosis and aplastic
anemia, are mediated by impairment of bone marrow which in turn is
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grams/dav, and are not relevant for determination of an oral reference
dose.

Although the data suggest that some sensitive subpopulations (i.e.,
hyperthyroid patients) may benefit from administration of perchlorate, it
is recommended that a ten-fold safety factor be applied in the
development of an RfD to ensure protection over the range of human
sensitivity.

AS~4
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SECTION A6

DISCUSSION REGARDING THE ROLE OF THE
THYROID GLAND IN MEDIATING
PERCHLORATE INDUCED APLASTIC ANEMIA

Graves’ disease is a common type of autoimmune hyperthyroidism often
accompanied by bulging eyes and skin manifestations. It most commonly
strikes women in their 30s or 40s. Since all known effects of Graves’
disease are mediated by excess thyroxin production, perchlorate and other
hypothyroid inducing agents have been utilized in the treatment of
Graves’ disease patients.

In the 1960s, several patients receiving 210 mg/kg/day perchlorate for
Graves’ disease therapy developed fatal aplastic anemias (Hobson, 1961;
Johnson and Moore, 1961; Fawcett and Clarke, 1961; Krevans et al, 1962;
Gjemdal, 1963; Barzilai and Sheinfeld, 1966). Given that thyroid
carcinogenesis has not been seen in patients, aplastic anemia is obviously
the most serious of perchlorate-induced human toxicities documented in
the medical literature.

As outlined below, it appears tnat perchlorate induces aplastic anemia by
the same mechanisms of its known ability to inhibit thyroxine formation
by the thyroid gland and the known requirement of thyroxin for normal
hematopoiesis.

Hematopoiesis and the Endocrinology of Aplastic Anemia

Hematopoiesis is a complicated orchestration of bone marrow. to form all
those varied cells which are found in blood, including erythrocytes (red
blood cells), leukocytes (white blood cells) and platelets. Many hormonal
reactions are important in controlling hematopoiesis, including
endocrines, such as T3 (triiodothyronine) and T4 (thyroxin), which are
produced outside the bone marrow, and cytokines, such as the
interleukins, which are produced within bone marrow. Aplastic anemia is
a potentially fatal condition in which bone marrow becomes deprived of
almost every cell precursor for cells normally found in blood. The patient
not only becomes anemic due to the lack of erythrocytes, but also
xmmunosuppressed (due to the lack of lymphocytes) and at risk for
internal bleeding (due to the lack of platelets).
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According to Kelly Davis, M.D., Department of Endocrinology, University
of Pennsylvania School of Medxcme who is a specialist in thyroid
function, the thyroid gland does participate actively in the regulation of
bone marrow development through elicitation of both T3 and T4,
especially the former (Davis, 1996). According to Dr. Davis, adequate
levels of triiodothyronine are essential for proper bone marrow
development. Further evidence gained from leukemia cells supports this
contention (see following section).

Thyroxin-Receptors in Bone Marrow Stem-Cells

Two genes on human chromosomes 17 and 3 (TR-alpha and TR-beta,
respectively) control the formation of thyroid receptors (TR) on all
thyroxin-sensitive cells. These TR proteins each have T3/T4-binding and
DNA-binding domains, the latter termed TRE for "thyroid response
element.”

Target genes for several functions are not activated until their respective
TRE sequences are activated by thyroxin binding, including: -

* Thyroid stimulating hormone (TSH);

* Prolactin (required for lactation);

* Growth hormone (required for bone growth); and L
* Hematopoietic genes. '

When bound by T3 or T4, the TR proteins migrate from outside the cell
membrane to the nucleus and initiate gene action by binding to the
appropriate TRE sequences. The highest concentrations of TR receptors
are found in the pituitary, brain, liver, heart, kidney and bone marrow.

Much of the spedific information about TR proteins in bone marrow cells
and responsive hematopoietic genes has been gained from a study of
leukemia cells. The gene which synthesizes TR proteins on the cell surface
of bone marrow cells has been recognized as c-erbA, whose product binds
T3 and T4 with high affinity (Sap et al, 1986; Weinberger et al, 1986). The
c-erbA TR binds T3 ten times more assiduously than T4. The c-erbA TR
functions much as a steroid receptor in its mechanism of hormonal
binding, cellular incorporation and nuclear control (Eisenman,1989).
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Conclusions Regarding Perchlorate-Induced Aplastic Anemia

The stfongest triiodothyronine (T3) and thyroxin (T4) receptors in the
human body are found in bone marrow stem cells. If the thyroid gland is
impaired in its ability to produce adequate levels of T3 and T4, these bone
marrow stem cells stop differentiating and virtually all bone marrow
lineages cease. Hence, the most likely mechanism for aplastic anemia
induction by perchlorate is equivalent to that for thyroid carcinogenesis
(i.e., a mechanism which requires chronic administration of high doses for
prolonged periods) and is not of use in establishing safe levels from
“environmental exposure.
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OVERALL CONCLUSIONS REGARDING
PERCHLORATE TOXICITY

As evidenced in several previous reviews (ECAO 1992 ICF 1993; PSG,
1994) and herein, the database for perchlorate toxicity is replete with
NOAEL and LOAEL values from normal human volunteers, hyperthyroid
patients and experimental animals. The best dose-response data available
from five sources of information are remarkably consistent:

¢ Normal human volunteers do not demonstrate any thyrotoxicity to
12 mg/kg/day perchlorate for four weeks of administration daily and
only after the fifth week show a slight increase in thyroid volume
(Brabant et al, 1992, 1994, 1995).

* Burgi et al (1974) determined that 9.7 mg/kg/day was a LOAEL in
healthy humans for purging radioiodine from the thyroid.

* The lowest LOAEL and highest NOAEL in a hyperthyroid patient
treated with perchlorate were 1.4 and 0.14 mg/kg/day, respectively
(Stanbury and Wyngaarden, 1952).

* Rats treated subchronically with a range of perchlorate doses show a
NOAEL at 7.6 mg/kg/day and a LOAEL at 15.3 mg/kg/day
(Ménnistd et al, 1979).

¢ The LOAEL for blocking radioiodine uptake in rat anid rabbit thyroids
is 2.0 mg/kg/day (Shigan, 1963).

That rodent and human data are consistent should not be surprising in
that the pituitary-thyroid axis is similar among all mammals.
Furthermore, in that perchlorate acts directly to block iodine uptake
without any requirement for metabolism, there is no need to adjust rodent
doses to human doses through a scaling factor for surface area/body
weight ratios.

Males and females appear to have equal sensitivities to perchlorate and no
other sensitive populations, except hyperthyroid cases who would be
benefited by perchlorate exposure, have been identified. All additional
organ site sensitivities may be attributed to indirect effects of perchlorate
on inhibition of thyroxin synthesis by the affected thyroid gland target
organ site. Perchlorate is neither a reproductive toxin nor is it genotoxic.
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. It is-recommended that; given the amount of concordant data available,
the Brabant et al NOAEL/LOAEL value of 12 mg/kg/day determined in
normal humans be adopted as the basis for a reference dose for
application to human risk assessment. Given the plethora of human data
available and its consistency with data derived from test animals along
with the well understood mechanism of perchlorate toxicity, it is
recommended that the following two safety factors be applied:

¢ Ten-fold for the potential range of human sensitivity; and

e Ten-fold for extending subchronic human data to protection from
chronic exposure.

Application of these two 10-fold safety factors to the human
- NOAEL/LOAEL value of 12 mg/kg/day yields a recommended human
oral reference dose of 0.12 mg/kg/day. This RD of 0.12 mg/kg/day has
been utilized previously in this document to characterize potential risks to
human receptors on the Aerojet site from exposure to perchlorate in
groundwater at 4 mg/L, showing that this level is without adverse health
impact.
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GLOSSARY OF TERMS

. Some of-the terms used inthis:report are technical and may be unfamiliar

to the informed layperson. The following glossary of terms may be
helpful

I

Amylolytxc actxvxty of the parotxd Parotxd glands among other

- _functions, excrete -enzymes which break down amvloid, the substance

which accumulates in neural tissue (in excess in Alzheimer’s patients).

- Aplastic anemia - A potentially fatal condition i which bone marrow

becomes deprived of almost every cell precursor for cells normally found
in blood. The patient not only becomes anemic due to the lack of red
blood cells, but also -immunosuppressed (due to the lack of white blood

cells) and at nsk for mtemal bleedmg (due to the lack of platelets).

,-;: Agranulecytosxs inemia™ A type of anemiia chagactenzed by a lack of
granulocytes, a type of white blood cell containing many granules.

- Autoimmune hyperthyroidism - Enlax‘gement of the thyroxd gland due to

antibodies to TSH-receptors which act as thyroxd snmulatlng hormone

41

Blastocyst That stage of the vertebratg embryo.in which an inner cavity

(endoderm) can ﬁrﬁt be dxstmguished

- Carbunazole A drug which acts to ml:ublt growth of the thyroid gland

SRR and hence used in the treatment of hyperthyrondxsm, )

| Cytokmes such as the mterleukms Produced within bone marrow and
. are necessary chemical signals for normal white blood cell development.

Endocrinologist - A medical spedialist who studies endocrine glands, such

- as the thyroid, pancreas or pituitary glands.

Epidemiologic - That type of study which determines the association

. <" between exposure and diseases in human populations.

Fetotoxic dose - The dose which is toxic (lethal) to the developing fetus.

Follicular adenomas - Benign tumors of the thyroid gland which develop
in the follicles (i.e., those nested regions which synthesize thyroid
hormones). -
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Follicular«cell-carcirogenesis - Development of cancer within the follicles
of the thyroid gland (see above).

Gastrointestinal - Pertammg to: the central ahmentat) canal of the body,
also known as the G.L tract. ; Tl . :

Goitrogenesis - Goiter (enlarged thvrond gland) formatxon
Goxtrogens Those substances M'uch mduce gonters bx blockmg iodine
uptake o ot

B R UC ] PRI AU
I Y S R T

Genotoxicity - .Tgxic to.genes, exther mutagemc (change DNA) or
clastogenic (change. chromosomes) v

i (a3
-

Gravnd test anunals Mlce or rats wluch are pregnant e

Hematopoiesw The symhess in bone marrow of all cells eventually
found in blood, mcludmg ervthmcytes (red blood ;ells) leukocvtes (white
blood cells) arld platelets I

Hematopoxeuc genes - Those genes whlch contrpl, the formaubn of blood
cellsmbcmémarrow B T P T R

Hyperthytondxsm Enlarged thyroid gland synonymous thh goiter.
5

R R T B4

-

Immunoglobulm-medxated hy ’, e,rsensatunty Bemg allerglc to one’s own

tissue(s) because of the presence‘of an aatxbody wluch reacts thh self.

....

” wa

Myasthenia gravxs An au‘toxmmune dlsease in which. antxbodxes react
against acetyl choline receptors of nerve cells, dlsruptmg nerve funchom

Nephrotic syndrome A phsease of the kxdnevs wh1ch allows too much
protein to accumulate in urine.

Nongenotoxic - Not toxm to genes, u.nreacnve to exther DNA or
chromosomes. -~ *

<

Percutaneous - Into the skin.”
Perturbation - Dlsturbance .

Pituitary-thyroid axis - The communication links and delicate balance
between pituitary and thyroid gland in controlling the function of the
latter. If insufficient thyroid hormones are produced by the thyroid, the
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pituitary senses this deficit and signals the thyroid through thyvroid
snmuratmg hormone to manufacture more thyroxin.

Plet__hora - Mulntude, sometimes excessive.

Prolactin - A pituitary hormone that is r_equiréd for lactation (milk
production) by mammals.

Pmpylﬂuoutaul A substance which, like perchlorate, blocks iodine
uptake and, hence, in sufficient concentrations, induces hyperthyroidism.

Pr_ototypxc - Of‘primary example.

- Radioiodines - Iodines which have unstable nuclei and, hence, give off
radiation (normally in the form of beta-particles).

Systemic lupus etythematosus - An autoimmune disease which is
characterized by antibodies to one’s own chromosomes.

Thyroid hyperplasia - Excessive growth of the thyroid gland which, if
unabated, results in a goiter.

Thyrqid-pituitary axis - See Pimjtary-thyroid axis.

Thyrocyte - That epithelial cell of the thyroxd which is sensitive to thyroid
| stimulating hormone.

. Thyroglobulin - Equivalent to thyroid stimulating hormone (TSH), made
by the pituitary gland.

Triiodothyronine (T3) - A thvroid hormone containing three atoms of
iodine.

Thyroxin (T4) - A thyroid hormone containing four atoms of iodine.

G-3



